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+\GURJHQ SDUWLFLSDWHV WR D ZLGH UDQJH RI FKHPLFDO SURFHVVHV DQG LW DOVR DSSHDUV GXULQJ
HQHUJ\SURGXFWLRQDQGWUDQVSRUW,WLVZLGHO\XVHGLQDHURVSDFHDSSOLFDWLRQVZKHUHLWDFWVDV
IXHO IRU URFNHWV1RZDGD\VK\GURJHQ LV FRQVLGHUHGDVDQDOWHUQDWLYHVRXUFHRIHQHUJ\ IRU
DXWRPRWLYHDSSOLFDWLRQVDQGPDQ\GHYHORSPHQWVDUHFXUUHQWO\FDUULHGRXWRQK\GURJHQIXHO
FHOOV RU HQJLQHV  ,I WKHVH GHYHORSPHQWV VXFFHHG HFRQRPLFDOO\ WKHUHZLOO EH DQ LQFUHDVHG
GHPDQGIRUK\GURJHQ:LWKLWVKLJKGLIIXVLYLW\K\GURJHQLVDQH[WUHPHO\IODPPDEOHJDV
,QDLU LWFDQEXUQDWFRQFHQWUDWLRQV IURPDERXWZLWKD IODPHYHORFLW\DOPRVW WHQ WLPHV
KLJKHUWKDQWKDWRIQDWXUDOJDV7KHUHIRUHIRUVHFXULW\UHDVRQVK\GURJHQOHDNGHWHFWRUVDUH
KLJKO\LPSRUWDQWLQLQGXVWULDODQGSUDFWLFDODSSOLFDWLRQV
,Q WKLV IUDPH RSWLFDO ILEHU VHQVRUV DUH SDUWLFXODUO\ LQWHUHVWLQJ LQ FRPSDULVRQ ZLWK RWKHU
WHFKQRORJLHV VXFK DV SHOOLVWRUV RU VHPLFRQGXFWRU VHQVRUV <X	<LQ  ,QGHHG RSWLFDO
ILEHU VHQVRUV RIIHU XQLTXH DGYDQWDJHV VXFK DV LPPXQLW\ WR HOHFWURPDJQHWLF LQWHUIHUHQFH
OLJKWZHLJKW IOH[LELOLW\ VWDELOLW\ KLJK WHPSHUDWXUH WROHUDQFH DQG HYHQ GXUDELOLW\ DJDLQVW
KLJK UDGLDWLRQ HQYLURQPHQWV $ VLQJOH RSWLFDO ILEHU FDQ DOVR RIIHU GLVWULEXWHG RU TXDVL
GLVWULEXWHGVHQVLQJZKLFKLVQRWSRVVLEOHZLWKRWKHUVHQVLQJPHWKRGV
$PRQJ WKHGLIIHUHQWRSWLFDO ILEHU VHQVRU FRQILJXUDWLRQV DJUHDWGHDORI WKH UHVHDUFKHVKDV
EHHQ GHYRWHG WR ILEHU %UDJJ JUDWLQJV )%*V VLQFH WKH\ KDYH EHHQ UDSLGO\ FRQVLGHUHG DV
H[FHOOHQW VHQVRU HOHPHQWV DEOH WRPHDVXUH VWDWLF DQGG\QDPLF ILHOGV VXFKDV WHPSHUDWXUH
VWUDLQDQGSUHVVXUH.HUVH\HWDO2WKRQRV	.DOOL)%*VFRYHUHGZLWK3DOODGLXP
KDYHEHHQZLGHO\LQYHVWLJDWHGLQWKHSDVWIRUK\GURJHQGHWHFWLRQ6XWDSXQHWDO7DQJ
HWDO3HQJHWDO0DLHU7KHVHQVLQJPHFKDQLVPLVEDVHGRQWKHVZHOOLQJ
RI WKH 3DOODGLXP FRDWLQJ UHVXOWLQJ LQ D VWUHVV RQ WKH JUDWLQJ 7KLV VHQVRU FRQILJXUDWLRQ
VXIIHUVIURPDPDLQGUDZEDFNWKDWLVDTXLWHORQJUHVSRQVHWLPHOHDGLQJWRDK\VWHUHVLVHIIHFW
EHWZHHQ WKH UHVSRQVHV REWDLQHG IRU LQFUHDVLQJ DQG GHFUHDVLQJ K\GURJHQ FRQFHQWUDWLRQV
)XUWKHUPRUH WKH EHKDYLRXU RI VXFK VHQVRUV LQ DLU HQYLURQPHQW LV QRW NQRZQ VLQFH DOO
SUHYLRXVVWXGLHVSUHVHQWHGUHVXOWVRIH[SHULPHQWVFRQGXFWHG LQQLWURJHQHQYLURQPHQWDQG
PDLQO\GHGLFDWHGWRDHURVSDFHDSSOLFDWLRQV

1RVKECN(KDTG0GY&GXGNQROGPVU

:H SURSRVH KHUH D FRPSOHWHO\ QHZ K\GURJHQ )%*EDVHG VHQVRU FRYHUHG E\ D FDWDO\WLF
VHQVLWLYHOD\HUPDGHRIDFHUDPLFGRSHGZLWKQREOHPHWDO,QSUHVHQFHRIK\GURJHQLQDLUDQ
H[RWKHUPLF UHDFWLRQ RFFXUV LQ WKH VHQVLWLYH OD\HU DQG OHDGV WR DQ LQFUHDVH RI WHPSHUDWXUH
PHDVXUHG E\ WKH )%* WKURXJK D VKLIW RI LWV FHQWUDO ZDYHOHQJWK 7KH REWDLQHG VHQVRU
UHVSRQVHLVOLQHDUDQGZLWKRXWK\VWHUHVLV7KHUHVSRQVHLVDOVRVHOHFWLYHDQGH[WUHPHO\IDVW
IRUERWKLQFUHDVLQJDQGGHFUHDVLQJK\GURJHQFRQFHQWUDWLRQV7KHVHQVRUKDVEHHQWHVWHGLQ
ZHWDLUDQGDYHU\JRRGVHQVLWLYLW\KDVEHHQREWDLQHGZKDWHYHUWKHUHODWLYHKXPLGLW\OHYHO
RIWKHHQYLURQPHQW
7KH DSSOLFDWLRQV DLPHG DUH HVVHQWLDOO\ K\GURJHQ GHWHFWLRQ LQ DLU IRU WKH PRQLWRULQJ RI
VWRUDJHSODFHVDQGSLSHOLQHV

)GPGTCNKVKGUQP$TCIIITCVKPIU

7KLVSDUDJUDSKVXPPDUL]HVWKHLPSRUWDQWFRQFHSWVQHFHVVDU\WRXQGHUVWDQGWKHSULQFLSOHV
RIWKHSUHVHQWHGK\GURJHQVHQVRUV

$CUKERTKPEKRNGQHHKDGT$TCIIITCVKPIU
$ ILEHU %UDJJ JUDWLQJ FDOOHG )%* LV D SHULRGLF DQG SHUPDQHQW PRGLILFDWLRQ RI WKH FRUH
UHIUDFWLYH LQGH[ YDOXH DORQJ DQ RSWLFDO ILEHU 2WKRQRV	.DOOL .DVK\DS  7KLV
PRGLILFDWLRQLVJHQHUDOO\REWDLQHGE\H[SRVLQJWKHFRUHRIDSKRWRVHQVLWLYHRSWLFDOILEHUWR
DQ LQWHQVH 89 LQWHUIHUHQFH SDWWHUQ $ ILEHU %UDJJ JUDWLQJ LV GHILQHG E\ VHYHUDO SK\VLFDO
SDUDPHWHUV ILJXUH  7KH JUDWLQJ OHQJWK / LV WKH RSWLFDO ILEHU OHQJWK DORQJ ZKLFK WKH
UHIUDFWLYHLQGH[PRGXODWLRQLVUHDOL]HG7KHSHULRGLFLW\DQGWKHDPSOLWXGHRIWKHUHIUDFWLYH
LQGH[PRGXODWLRQDUHGHILQHGE\ƭDQGǅQUHVSHFWLYHO\
7KHRUGHURIPDJQLWXGHRIWKHVHSDUDPHWHUVW\SLFDOO\YDULHVIURPǍPWRǍPIRUƭ
IURPDIHZPPWRDIHZWHQVRIFPIRU/DQGIURPïWRïIRUǅQ7KHLQVFULSWLRQRIVXFK
D SHUWXUEDWLRQ LQ WKH ILEHU FRUH LQGXFHV OLJKW FRXSOLQJ EHWZHHQ WZR FRXQWHUSURSDJDWLQJ
PRGHV 7KLV PRGH FRXSOLQJ LV SURGXFHG IRU VRPH ZDYHOHQJWKV DURXQG WKH %UDJJ
ZDYHOHQJWKGHILQHGE\WKH%UDJJFRQGLWLRQ
ߣ஻௥௔௚௚ ൌ ʹǤ ݊௘௙௙ƭ
$VVKRZQRQILJXUHDILEHU%UDJJJUDWLQJDFWVDVDVHOHFWLYHPLUURULQZDYHOHQJWKDURXQG
WKH%UDJJZDYHOHQJWKIRUZKLFKWKHUHH[LVWVDQHQHUJ\WUDQVIHU IURPWKHIRUZDUGJRLQJWR
WKHEDFNZDUGJRLQJIXQGDPHQWDOFRUHPRGH3K\VLFDOO\IRUHDFKSHULRGRIWKHILEHU%UDJJ
JUDWLQJ D ZHDN )UHVQHO UHIOHFWLRQ LV SURGXFHG GXH WR D YDULDWLRQ RI WKH UHIUDFWLYH LQGH[
YDOXH$Q LPSRUWDQW UHIOHFWLRQ LV REWDLQHGZKHQ DOO WKHZHDN FRQWULEXWLRQV DGG LQSKDVH
7KLVFRQGLWLRQLVUHVSHFWHGIRUWKH%UDJJZDYHOHQJWK
7KHJUDWLQJSODQHV DUH VXEMHFW WR WHPSHUDWXUHDQG VWUDLQSHUWXUEDWLRQVZKLFKPRGLI\ WKH
SKDVHPDWFKLQJFRQGLWLRQDQGOHDGWRZDYHOHQJWKGHSHQGHQWUHIOHFWLYLW\7KHUHIRUHWUDFNLQJ
WKHZDYHOHQJWKDWZKLFKWKH%UDJJUHIOHFWLRQRFFXUVLVWKHZD\WRREWDLQWKHPDJQLWXGHRI
WKHH[WHUQDOSHUWXUEDWLRQ
)RULQVWDQFHWKH%UDJJZDYHOHQJWKLVLQIOXHQFHGE\WKHWHPSHUDWXUHRUWKHVWDLQDSSOLHGWR
WKHILEHU2QHXQGHUVWDQGVLPPHGLDWHO\WKHLQWHUHVWRIWKHVHJUDWLQJVWRSUHSDUHWHPSHUDWXUH
RUVWUDLQVHQVRUV

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
)LJ2SHUDWLQJSULQFLSOHRIDILEHU%UDJJJUDWLQJ

$ILEHU%UDJJJUDWLQJLVDOVRDEOHWRFRXSOHOLJKWIURPDSURSDJDWLQJPRGHWRDQRWKHUPRGH
FKDUDFWHUL]HGE\DSURSDJDWLRQFRQVWDQWWKDWPDWFKHVWKHVSDWLDOSHULRGLFLW\RIWKHJUDWLQJ
7KLVPD\UHVXOWLQFRXSOLQJEHWZHHQWKHIXQGDPHQWDOFRUHPRGHDQGFODGGLQJRUUDGLDWLRQ
PRGHV7KLVFRXSOLQJSKHQRPHQRQLVH[SORLWHGLQWLOWHGILEHU%UDJJJUDWLQJV
,W LV DOVR SRVVLEOH WRPDQXIDFWXUH ILEHU JUDWLQJV WKDW DUH WUDQVPLVVLYH VR WKDW WKH\ FRXSOH
OLJKW EHWZHHQ FRUH DQG IRUZDUGJRLQJ FODGGLQJ PRGHV ,Q WKLV FDVH WKH SKDVH PDWFKLQJ
FRQGLWLRQGLFWDWHVDORQJJUDWLQJSHULRGLFLW\RIWKHRUGHURIVHYHUDOKXQGUHGPLFURQV7KHVH
FRPSRQHQWVDUHNQRZQDVORQJSHULRGILEHUJUDWLQJV/3)*

2JQVQUGPUKVKXKV[KPQRVKECNHKDGTU
3KRWRVHQVLWLYLW\RIDQRSWLFDO ILEHUFRUUHVSRQGVWR LWVSURSHQVLW\ WR ORFDOO\PRGLI\ LWVFRUH
UHIUDFWLYH LQGH[YDOXHZKHQLW LVH[SRVHGWR OLJKWZLWKDZDYHOHQJWKDQGDQ LQWHQVLW\ WKDW
GHSHQGRQWKHFRUHPDWHULDO
$OWKRXJK SKRWRVHQVLWLYLW\ LV D YHU\ LPSRUWDQW SURSHUW\ RI DQ RSWLFDO ILEHU WKH FRPSOHWH
PHFKDQLVPUHVSRQVLEOH IRU WKLVSKHQRPHQRQ LV QRW\HW IXOO\XQGHUVWRRG$ ORWRIZRUN LV
VWLOOLQSURJUHVVWREHWWHUH[SODLQWKLVSKHQRPHQRQDQGWRLPSURYHLWVNQRZOHGJH7KHVWXG\
RI WKHGLIIHUHQWPHFKDQLVPV UHVSRQVLEOH IRU WKH RSWLFDO ILEHU SKRWRVHQVLWLYLW\ IDOOV RXWVLGH
WKH VFRSHRI WKLVGRFXPHQW  7KLVSKHQRPHQRQZDVREVHUYHG IRU D ODUJHQXPEHU RI ILEHU
PDWHULDOV EXW LV YHU\ LPSRUWDQW LQ JHUPDQLXPGRSHG VLOLFD ILEHUV 7KHSKRWRVHQVLWLYLW\ LV
DVVRFLDWHG WR WKH GHIHFWV LQGXFHG E\ JHUPDQLXP LQ WKH VLOLFD ODWWLFH 7KDW LV ZK\ WKHVH
JHUPDQLXPGRSHGILEHUVUHPDLQWKHPRVWXVHGIRUSUHSDULQJ%UDJJJUDWLQJV
3XUH VLOLFD 6L2 LV DQ DPRUSKRXV PDWHULDO FKDUDFWHUL]HG E\ D WHWUDKHGUDOVWUXFWXUH (DFK
R[\JHQDWRPOLQNVWKHVLOLFRQDWRPVRIWZRDGMDFHQWVWUXFWXUDOPROHFXOHVDQGLVWKHQVKDUHG
E\ WZR WHWUDKHGUDO XQLWV DV VKRZQ LQ ILJXUH D 7KH FRPELQDWLRQ RI WKH GLIIHUHQW XQLWV
IRUPVDTXDVLUDQGRPVWUXFWXUHVHHILJXUHE
7KH VWUXFWXUHRIJHUPDQLXPGRSHGVLOLFD LV OLQNHG WR WKDWRISXUH VLOLFD VLQFHJHUPDQLXP
OLNH VLOLFRQ LV DQ HOHPHQW RI WKH IRXUWK JURXS LQ WKH 0HQGHOHHY WDEOH RI HOHPHQWV $
JHUPDQLXPDWRPFDQWKXVUHSODFHDVLOLFRQDWRPLQWKHVWUXFWXUHUHSUHVHQWHGLQILJXUH
ǅQ
/
1RVKECN(KDTG0GY&GXGNQROGPVU


)LJ7HWUDKHGUDOVWUXFWXUHRIVLOLFD

7KHGHIHFWVWKDWDUHSUHVHQWLQWKHVWUXFWXUHDUHFDOOHGFRORUFHQWHUV&RQWUDULO\WRVLOLFDWKDW
RQO\H[LVWVLQWKHIRUP6L2WKHWZRIRUPV*H2DQG*H2DUHVWDEOHDQGFDQEHSUHVHQWLQ
JHUPDQLXPGRSHG VLOLFD 7KH *H2 GHIHFW FDOOHG JHUPDQLXP R[\JHQGHILFLHQW FHQWHU
*2'& LV RIWHQ IRXQG LQ WKH VWUXFWXUH RI JHUPDQLXPGRSHG RSWLFDO ILEHU :KHQ LW LV
SUHVHQWWKHJHUPDQLXPRUVLOLFRQDWRPLVOLQNHGWRRQO\R[\JHQDWRPVLQVWHDGRILQWKH
LGHDO VWUXFWXUH DQG D ERQG LV GLUHFWO\ UHDOL]HGZLWK D JHUPDQLXP DWRP *H6L RU*H*H
7KLV GHIHFW LV FKDUDFWHUL]HG E\ DQ DEVRUSWLRQ EDQG FHQWHUHG DURXQG  QP 7KH HQHUJ\
UHTXLUHGWREUHDNWKHERQGLVDURXQGH9
7KHUH DOVR H[LVWV D VHFRQG W\SH RI VWUXFWXUH RI*2'& ,Q WKLV FDVH D JHUPDQLXPDWRP LV
ERQGHGZLWKRQO\WZRR[\JHQDWRPVVRWKDWWZRHOHFWURQVDUHIUHH7KLVGHIHFWDOVRSUHVHQWV
DQDEVRUSWLRQSHDNDWQP,QWKHLUPRGHO'+DQGDQG35XVVHOOLQNWKHPHFKDQLVPRI
UHIUDFWLYH LQGH[ FKDQJH WR WKHSKRWRLQGXFHG DEVRUSWLRQ FKDQJH +DQG	5XVVHO 7KLV
DEVRUSWLRQFUHDWHVQHZSHUPDQHQWGHIHFWVWKDWOHDGWRDPRGLILFDWLRQRIWKHUHIUDFWLYHLQGH[
YDOXH 7KHPRGLILFDWLRQ RI WKH DEVRUSWLRQ VSHFWUXP DIIHFWV RI FRXUVH WKH UHIUDFWLYH LQGH[
VLQFHWKHVHYDOXHVDUHOLQNHGE\WKH.UDPHUV.URQLJUHODWLRQVKLS5XVVHO	+DQG
,W LVLQSUDFWLFHSRVVLEOHWRREWDLQDQLPSRUWDQWFRQFHQWUDWLRQRIWKHVHWZRNLQGVRIGHIHFWV
E\UHGXFLQJWKHTXDQWLW\RIR[\JHQGXULQJWKHIDEULFDWLRQSURFHVVRIWKHRSWLFDOILEHU
7KHUHDUHVXEVWDQWLDOH[SHULPHQWDOHYLGHQFHVVXSSRUWLQJWKHPHFKDQLVPSXWIRUZDUGE\'
+DQGDQG35XVVHO LQZKLFKWKHUHVXOWDQWFRORUFHQWHUVDUHUHVSRQVLEOHIRUFKDQJHVLQWKH
89DEVRUSWLRQVSHFWUXPRIWKHJODVVDQGWKHUHIUDFWLYHLQGH[FKDQJHIROORZVWKH.UDPHUV
.URQLJUHODWLRQVKLS0DQ\H[SHULPHQWVVXSSRUWWKH*H(·GHIHFWFHQWHUWREHUHVSRQVLEOHIRU
SKRWRVHQVLWLYLW\ $WNLQV HW DO 7VDL HW DO  +RZHYHU WKH FRORU FHQWHU PRGHO
FDQQRWVDWLVIDFWRULO\H[SODLQWKHEHKDYLRURIDOOILEHUW\SHVDQGWKHGRSDQWVXVHGWRPRGLI\
WKH FRUH UHIUDFWLYH LQGH[ $Q DOWHUQDWLYH PRGHO EDVHG RQ JODVV GHQVLILFDWLRQ LQGXFHG E\
SKRWRLRQL]DWLRQ RI WKH *H GHIHFWV KDV DOVR IRXQG H[SHULPHQWDO VXSSRUW 7KLV DOWHUQDWLYH
PRGHO ZDV SURSRVHG E\ 0 6FHDWV DQG FRZRUNHUV LQ  6FHDWV HW DO  7KH
FRPSDFWLRQGHQVLILFDWLRQPRGHOLVEDVHGRQODVHULUUDGLDWLRQLQGXFHGGHQVLW\FKDQJHVWKDW
UHVXOW LQ UHIUDFWLYH LQGH[ FKDQJHV ,UUDGLDWLRQE\ ODVHU OLJKW DW QPKDV EHHQ VKRZQ WR
LQGXFH WKHUPDOO\ UHYHUVLEOH OLQHDU FRPSDFWLRQ LQ DPRUSKRXV VLOLFD OHDGLQJ WR UHIUDFWLYH
LQGH[FKDQJHV7KHPRGHOWKXVWDNHVLQWRDFFRXQWWKHSUHVHQFHRILPSRUWDQWVWUHVVHVLQVLGH
WKH RSWLFDO ILEHUPHFKDQLFDO WKHUPDO VWUHVV FRPLQJ IURP WKH RSWLFDO ILEHUPDQXIDFWXULQJ
SURFHVV7KHVHVWUHVVHVFDQEHUHOD[HGE\89LUUDGLDWLRQ7KHEUHDNLQJRIWKHERQGVE\89
LUUDGLDWLRQ ' +DQG DQG 3 5XVVHO PHFKDQLVP FDQ DOVR EH UHVSRQVLEOH IRU WKH VWUHVV
UHOD[LQJ DV WKLV SURFHVV FDXVHV D ORFDO GHQVLW\ LQFUHDVH LQVLGH WKH RSWLFDO ILEHU DQG D
PRGLILFDWLRQ RI WKH UHIUDFWLYH LQGH[ ,WV H[DFW FRQWULEXWLRQ XQGHU YDULRXV H[SHULPHQWDO
FRQGLWLRQVKDVVWLOOWREHIXUWKHULQYHVWLJDWHG

(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

6GEJPKSWGUWUGFVQKPETGCUGRJQVQUGPUKVKXKV[
6LQFHWKHGLVFRYHU\RISKRWRVHQVLWLYLW\DQGLWVLPSDFWRQWKHFUHDWLRQRIILEHU%UDJJJUDWLQJV
WKHUHKDVEHHQFRQVLGHUDEOHHIIRUW LQXQGHUVWDQGLQJDQG LQFUHDVLQJ WKHSKRWRVHQVLWLYLW\ LQ
RSWLFDO ILEHUV 6WDQGDUG VLQJOHPRGH RSWLFDO ILEHUV  JHUPDQLXP LQ WKH FRUH W\SLFDOO\
SUHVHQWLQGH[FKDQJHVRIDERXWï7KHDGGLWLRQRIYDULRXVFRGRSDQWVLQJHUPDQRVLOLFDWH
RSWLFDO ILEHUVKDVUHVXOWHG LQSKRWRVHQVLWLYLW\HQKDQFHPHQW ,QSDUWLFXODUERURQFRGRSLQJ
FDQ OHDG WRD VDWXUDWHG UHIUDFWLYH LQGH[FKDQJHDERXW WLPHV ODUJHU WKDQ WKDWREWDLQHG LQ
SXUHJHUPDQRVLOLFDWHRSWLFDO ILEHUV 6HQVLWL]DWLRQ WHFKQLTXHVKDYHDOVREHHQGHYHORSHG IRU
ZULWLQJ KLJKO\ UHIOHFWLYH JUDWLQJV LQ JHUPDQRVLOLFDWH RSWLFDO ILEHUV $Q LQFUHDVH RI WKH
SKRWRLQGXFHGUHIUDFWLYHLQGH[PRGXODWLRQWRYDOXHVRIWKHRUGHURIïDQGKLJKHUKDVEHHQ
REWDLQHGYLD K\GURJHQDWLRQ RU IODPHEUXVKLQJ 7KHVH WHFKQLTXHV FRQVLVW LQ LQFUHDVLQJ WKH
FKDUJH LQ K\GURJHQ LQ WKH ILEHU FRUH EHIRUH JUDWLQJ LQVFULSWLRQ )RU WKH K\GURJHQDWLRQ
K\GURJHQ ORDGLQJ WHFKQLTXH /HPDLUH HW DO  RSWLFDO ILEHUV DUHSODFHG LQK\GURJHQ
JDVHQYLURQPHQWDWWHPSHUDWXUHVUDQJLQJIURP&WR&DQGSUHVVXUHVIURPDWPWR
DWPZKLFKUHVXOWVLQGLIIXVLRQRIK\GURJHQPROHFXOHVLQWRWKHILEHUFRUH'HSHQGLQJRQ
WKHWHPSHUDWXUHDQGSUHVVXUHYDOXHVWKHK\GURJHQDWLRQSURFHVVFDQODVWIURPVHYHUDOKRXUV
WR VHYHUDO GD\V RU HYHQ VHYHUDO ZHHNV 'XULQJ WKH 89 LUUDGLDWLRQ K\GURJHQ DOORZV WKH
FUHDWLRQRI*2'&VLQFH LW FRPELQHVZLWKR[\JHQDWRPV LQRUGHU WR IRUP2+UDGLFDOV$V
K\GURJHQUDSLGO\GLIIXVHVRXWRIWKHRSWLFDOILEHUDWDPELHQWWHPSHUDWXUHK\GURJHQORDGHG
RSWLFDO ILEHUV KDYH WR EH PDLQWDLQHG DW ORZ WHPSHUDWXUH SULRU WR WKH ILEHU JUDWLQJ
PDQXIDFWXULQJSURFHVV'HXWHULXPFDQDOVREHXVHGLQVWHDGRIK\GURJHQLQRUGHUWRDYRLG
HQKDQFHPHQW RI WKH DEVRUSWLRQ SHDN RI WKH2+ ERQG DURXQG  QP 7KLV OHDGV WR WKH
IRUPDWLRQRI2'UDGLFDOV
,QWKHIODPHEUXVKLQJWHFKQLTXH%LORGHDXHWDOWKHUHJLRQRIWKHRSWLFDOILEHUWREH
SKRWRVHQVLWL]HGLVEUXVKHGUHSHDWHGO\E\DIODPHIXHOHGZLWKK\GURJHQDQGDVPDOODPRXQW
RI R[\JHQ UHDFKLQJ D WHPSHUDWXUH RI DERXW  & 7KH SKRWRVHQVLWL]DWLRQ SURFHVV WDNHV
DSSUR[LPDWHO\PLQXWHV$WWKLVYHU\KLJKWHPSHUDWXUHK\GURJHQGLIIXVHV LQWRWKHILEHU
FRUH DQG UHDFWVZLWK WKH JHUPDQRVLOLFDWH JODVV WR SURGXFH*2'& 7KLV UHDFWLRQ FUHDWHV D
VWURQJ DEVRUSWLRQ EDQG DW  QP DQG OHDGV WR D KLJKO\ SKRWRVHQVLWLYH FRUH 7KH IODPH
EUXVKLQJWHFKQLTXHDOORZVK\GURJHQDWLRQDWDPELHQWSUHVVXUHEXWLWFDQRQO\EHXVHGORFDOO\
DVWKHIODPHLVJHQHUDOO\YHU\VPDOO

6GORGTCVWTGCPFOGEJCPKECNUVTCKPUGPUKVKXKVKGUQHWPKHQTOHKDGT$TCIIITCVKPIU
7KH%UDJJZDYHOHQJWKGHSHQGVRQWKHHIIHFWLYHUHIUDFWLYHLQGH[RIWKHFRUHDQGWKHVSDWLDO
SHULRGLFLW\ RI WKH JUDWLQJ 7KHVH WZR SDUDPHWHUV DUH DIIHFWHG E\ FKDQJHV LQ VWUDLQ DQG
WHPSHUDWXUH ,Q SDUWLFXODU WKH HIIHFWLYH UHIUDFWLYH LQGH[ LVPRGLILHG WKURXJK WKH WKHUPR
RSWLF DQG VWUDLQRSWLF HIIHFW UHVSHFWLYHO\+HQFH IURPHTXDWLRQ  WKH VKLIW LQ WKH%UDJJ
ZDYHOHQJWKƦǌ%UDJJGXHWRVWUDLQƦԖDQGWHPSHUDWXUHƦ7YDULDWLRQVLVJLYHQE\
οǌ୆୰ୟ୥୥ ൌ ʹቀƭ ୢ୬౛౜౜ୢ୘ ൅ ୣ୤୤ ୢƭୢ୘ቁ ο ൅ ʹ ቀƭ ୢ୬౛౜౜ୢ஫ ൅ ୣ୤୤ ୢƭୢ஫ቁ οԖ
7KHILUVWWHUPLQ(TXDWLRQUHSUHVHQWVWKHHIIHFWRIWHPSHUDWXUHRQWKH%UDJJZDYHOHQJWK
7KHVKLIWRIWKH%UDJJZDYHOHQJWKGXHWRWKHUPDOH[SDQVLRQFRPHVIURPWKHPRGLILFDWLRQRI
WKH JUDWLQJ VSDFLQJ DQG WKH UHIUDFWLYH LQGH[ 7KH UHODWLYH ZDYHOHQJWK VKLIW GXH WR D
WHPSHUDWXUHFKDQJHƦ7FDQEHZULWWHQDV
ο஛ా౨౗ౝౝο୘ ൌ ɉ୆୰ୟ୥୥ ቀ ଵ୬౛౜౜
ୢ୬౛౜౜
ୢ୘ ൅ ଵஃ ୢஃୢ୘ቁ
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1RVKECN(KDTG0GY&GXGNQROGPVU

QHI

JHU
/

.ï
&OH
WHP
)LJ
WHP
WKH
7K
([
$V
SX
7K
ILE
FKD
SH
ZK

)LJ

7K

ZK
DQ
WKH
GQHII
G7I
 LVWKH
PDQLXPGRSHG
G
G
/
7
LVWKHWKHUPD
IRUVLOLFD2WKRQ
DUO\ WKH UHIUDFW
SHUDWXUHVHQVLWL
XUH  VKRZV WK
SHUDWXUH IRUD
UPDOFKDPEHUUH
HHYROXWLRQLVOLQ
SHULPHQWVZHUHF
 VKRZQ LQ ILJXU
USRVHV
H VHFRQG WHUP LQ
HU ,W FRUUHVSRQG
QJHLQWKHUHIUDF
ULRGLFLW\FDQEHU

HUHƭVUHSUHVHQW
(YROXWLRQRI
HHODVWRRSWLFHIIH

HUHƦǈLM LV WKHFK
GSLMDUHWKHHOHP
PDJQLWXGHRIWK
WKHUPRRSWLFFRH
VLOLFDFRUHRSWLFDO
OFRHIILFLHQWRIWK
RV	.DOOL
LYH LQGH[ FKDQJ
YLW\RIWKH%UDJJ
H H[SHULPHQWDO
 FP ORQJXQLIRU
JXODWHGLQWHPSH
HDUZLWKDVORSHF
DUULHGRXWIRULQF
H  QR K\VWHUHV
 HTXDWLRQ  UH
V WR D FKDQJH L
WLYHLQGH[%\GH
HODWHGWRWKHDSS
 /
VWKHPRGLILHGJU
WKHSHDNZDYHOHQ
FWUHODWHVWKHUHI
 LQ'
DQJHLQWKHHOHF
HQWVRIWKHHODVWR
HFRHIILFLHQWVSLM
IILFLHQWZKLFKLV
ILEHU2WKRQRV	
HRSWLFDOILEHUZ

H LV WKH GRPLQD
ZDYHOHQJWKDURX
HYROXWLRQV RI WK
PILEHU%UDJJJU
UDWXUHZLWKDQDF
RPSXWHGHTXDOW
UHDVLQJDQGGHFU
LV ZDV REWDLQHG
SUHVHQWV WKH HIIH
Q WKH JUDWLQJ SH
ILQLQJWKHVWUDLQ
OLHGVWUDLQVLQFH
V  /  '/  / 
DWLQJSHULRGDIWH
JWKDVDIXQFWLRQ
UDFWLYHLQGH[FKD
M
LHII
 LMM
Q  
 '  ¦




WULF LPSHUPHDELO
RSWLFWHQVRU7KH
FDQEHGHULYHGIU
DSSUR[LPDWHO\H
.DOOL
KLFKLVDSSUR[LP
QW HIIHFW 7KH R
QGQPLV
H %UDJJ ZDYHOH
DWLQJ7KHJUDWLQ
FXUDF\RIWKHRUG
RSPŐ&
HDVLQJSHUWXUEDW
 ZKLFK LV YHU\
FW RI ORQJLWXGLQ
ULRGLFLW\ DQG WK
DV  '/ / WK
 
UWKHDSSOLFDWLRQ
RIWHPSHUDWXUH
QJHWRWKHDSSOLH
LM LM
M
S
 
¦



LW\WHQVRUHMDUH
IRUPRIWKHHODV
RPWKHV\PPHWU
TXDOWRï.
DWHO\HTXDOWR
UGHU RI PDJQLWX
SPŐ&
QJWK DV D IXQFW
JZDVSODFHG LQ
HURIŐ&
LRQV
LPSRUWDQW IRU VH
DO VWUDLQ RQ DQ R
H VWUDLQRSWLF LQ
HFKDQJHRIWKHJ

RIWKHSHUWXUEDWL

FKDQJHV
GVWUDLQ<DULI
 
WKHVWUDLQFRPSR
WRRSWLFWHQVRUE
\RIWKHPDWHULDO
ïIRU
ï
GH RI
LRQ RI
VLGHD
QVLQJ
SWLFDO
GXFHG
UDWLQJ

RQ


QHQWV
XWQRW
XQGHU
(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

FRQVLGHUDWLRQ,QLWVPRVWJHQHUDOIRUPWKHUHDUHGLIIHUHQWFRHIILFLHQWVSLM)RUWKHFODVVRI
LVRWURSLFPDWHULDOVWRZKLFKVLOLFDJODVVEHORQJVWKLVQXPEHULVUHGXFHGWRWZRLQGHSHQGHQW
FRHIILFLHQWVSDQGS<DULI
7KHPDJQLWXGHVRIWKHLQGLYLGXDOFRHIILFLHQWVSLMDUHGHSHQGHQWRQWKHPDWHULDOFRQVLGHUHG
)RUSXUHEXONVLOLFDLWZDVIRXQGWKDWW\SLFDOYDOXHVPHDVXUHGDWQPDUHS DQG
S %HUWKROGV	'DQGOLNHU7KHVHYDOXHVDUHRIWHQXVHGZKHQFRPSXWLQJ WKH
LQIOXHQFHRIPHFKDQLFDOSHUWXUEDWLRQVVXFKDVHORQJDWLRQDQGODWHUDOFRPSUHVVLRQRIRSWLFDO
ILEHUV+RZHYHUGXHWRWKHSUHVHQFHRIGRSLQJHOHPHQWVLQWKHFRUHWKHHIIHFWLYHYDOXHVIRU
ILEHUV PD\ EH GLIIHUHQW IURP WKRVH IRU EXON VLOLFD 0HDVXUHPHQWV RQ VLQJOHPRGH RSWLFDO
ILEHUVDWQP\LHOGHGYDOXHVRIS DQGS UHVSHFWLYHO\%DUORZ'3D\QH
$QHUURURQWKHVHYDOXHVRIDSSUR[LPDWHO\LVSRVVLEOHEHFDXVHRIWKHXQFHUWDLQW\
RQWKHYDOXHRIWKH3RLVVRQ·VUDWLRRIWKHRSWLFDOILEHU
$VVXPLQJ WKDW WKH JUDWLQJ LV VWUDLQHG LQ WKH ] GLUHFWLRQ RQO\ DQG WKDW WKH ILEHUPDWHULDO
IROORZV+RRNH·VODZZHREWDLQWKHVKLIWRI%UDJJZDYHOHQJWKIRUDQDSSOLHGVWUDLQ
οߣ஻௥௔௚௚ ൌ ߣ஻௥௔௚௚ሺͳ െ ݌௘ሻο߳ሺ͸ሻ
݌௘ ൌ ݊௘௙௙
ଶ
ʹ ሾ݌ଵଶ െ ߥሺ݌ଵଵ ൅ ݌ଵଶሻሿሺ͹ሻ
ZKHUHǎLVWKH3RLVVRQ·VUDWLR
6XEVWLWXWLRQRISDUDPHWHUVS S ǎ DQGQHII LQHTXDWLRQVDQG
JLYHVDVWUDLQRSWLFFRQVWDQWSH DQGDVHQVLWLYLW\DURXQGQPRISPǍH

#FXCPVCIGUQHHKDGT$TCIIITCVKPIUGPUQTU
7KH ILUVW ILEHU %UDJJ JUDWLQJ VHQVRU ZDV UHSRUWHG LQ  E\ : 0RUH\ DQG FRZRUNHUV
0RUH\ HW DO  7KH GHYHORSPHQW RI WKH H[WHUQDOZULWLQJ WHFKQLTXH KDV FRQVLGHUDEO\
LQFUHDVHG WKH LQWHUHVW LQ ILEHU %UDJJ JUDWLQJ VHQVRUV 7KLV LQWHUHVW FRPHV IURP WKH JUHDW
SRWHQWLDO WKDW WKH\ KDYH IRU D ODUJH QXPEHU RI VHQVLQJ DSSOLFDWLRQV ZKHUH DUH UHTXLUHG
PHDVXUHPHQWV RI VWUDLQ DQG WHPSHUDWXUH 0RUH\ HW DO  SUHVVXUH ;X HW DO 
DFFHOHUDWLRQ7KHULDXOWHWDOKLJKPDJQHWLFILHOG.HUVH\	0DUURQHDQGIRUFH
%MHUNDQHWDO
$VDOUHDG\XQGHUVWRRGILEHU%UDJJJUDWLQJVDUH LQWULQVLFRSWLFDOVHQVRUVZKLFKPRGLI\WKH
FKDUDFWHULVWLF VSHFWUXP RI DQ LQFLGHQW OLJKW VLJQDO VLQFH WKHLU SK\VLFDO SDUDPHWHUV DUH
DIIHFWHGE\WKHH[WHUQDOSHUWXUEDWLRQ7KHPRVWZLGHO\XVHGSULQFLSOHRIRSHUDWLRQRIILEHU
%UDJJ JUDWLQJ VHQVRUV LV WR PRQLWRU WKH VKLIW LQ ZDYHOHQJWK RI WKH UHIOHFWHG VLJQDO DV D
IXQFWLRQRIWKHH[WHUQDOSDUDPHWHUWREHPHDVXUHG
7KHPDLQ DGYDQWDJH RI ILEHU %UDJJ JUDWLQJ VHQVRUV LV WKDW WKHPHDVXUDQG LQIRUPDWLRQ LV
ZDYHOHQJWKHQFRGHG7KLVSURSHUW\PDNHV WKH VHQVRU VHOIUHIHUHQFLQJ DQG LQGHSHQGHQW RI
IOXFWXDWLQJ OLJKW OHYHOV 7KH V\VWHP LV WKHUHIRUH LPPXQH WR VRXUFH SRZHU DQG FRQQHFWRU
ORVVHVWKDWDIIHFWPDQ\RWKHUW\SHVRIRSWLFDOILEHUVHQVRUV7KHYHU\ORZLQVHUWLRQORVVDQG
QDUURZEDQG ZDYHOHQJWK UHIOHFWLRQ RI ILEHU %UDJJ JUDWLQJV RIIHU FRQYHQLHQW VHULDO
PXOWLSOH[LQJDORQJDVLQJOHPRGHRSWLFDOILEHU7KHUHDUHIXUWKHUDGYDQWDJHVRIILEHU%UDJJ
JUDWLQJVRYHUFRQYHQWLRQDOHOHFWULFDOVWUDLQJDXJHVVXFKDVOLQHDULW\LQUHVSRQVHRYHUPDQ\
RUGHUVRIPDJQLWXGH0DQ\RIWKHPDUHLQWULQVLFWRWKHSURSHUWLHVRIRSWLFDOILEHUVLPPXQLW\
WR HOHFWURPDJQHWLF LQWHUIHUHQFHV OLJKW ZHLJKW IOH[LELOLW\ VWDELOLW\ KLJK WHPSHUDWXUH
WROHUDQFHDQGHYHQGXUDELOLW\LQKLJKUDGLDWLRQHQYLURQPHQWVZKLFKDOOFRQWULEXWHWRREWDLQ
UHSURGXFLEOHPHDVXUHPHQWV7KHVPDOOGLDPHWHURIWKHRSWLFDOILEHUDQGWKHVPDOOOHQJWKRI
ILEHU %UDJJ JUDWLQJVPDNH WKHP FRPSDWLEOHZLWK DSSOLFDWLRQV IRUZKLFK VOLJKWO\ LQWUXVLYH
1RVKECN(KDTG0GY&GXGNQROGPVU

SUREHVDUH UHTXLUHG VXFKDV LQ WKHKXPDQERG\ IRU WHPSHUDWXUHDQGRU FKHPLFDO VSHFLHV
SURILOLQJ )XUWKHUPRUH ILEHU %UDJJ JUDWLQJV FDQ EH HDVLO\ HPEHGGHG LQWR PDWHULDOV WR
SURYLGHGDPDJHGHWHFWLRQRULQWHUQDOVWUDLQILHOGPDSSLQJ)LEHU%UDJJJUDWLQJVHQVRUVDUH
WKHUHIRUH YHU\ LPSRUWDQW FRPSRQHQWV IRU WKH GHYHORSPHQW RI VPDUW VWUXFWXUH WHFKQRORJ\
DQGIRUPRQLWRULQJFRPSRVLWHPDWHULDOFXULQJDQGUHVSRQVH1RZDGD\VVXFKVHQVRUVRIIHU
UHDOWLPHPRQLWRULQJRIFLYLOVWUXFWXUHVDQGDHURVSDFHDSSOLFDWLRQV2WKRQRV	.DOOL

.QPI2GTKQF(KDGT)TCVKPIU
:H JLYH KHUH WKH EDVLF WKHRU\ RI ORQJ SHULRG ILEHU JUDWLQJV /3)* LQ RUGHU WR KDYH D
IXQGDPHQWDO XQGHUVWDQGLQJ RI WKH FRXSOLQJPHFKDQLVPV RI VXFK JUDWLQJV LQ VLQJOHPRGH
RSWLFDOILEHU(UGRJDQ
/HW XV QRWH WKDW ORQJ SHULRG ILEHU JUDWLQJV DUH QRW %UDJJ JUDWLQJV EXW WKH\ RIIHU D ORW RI
DSSOLFDWLRQVLQVHQVLQJDQGZLOOEHXVHGIRUFKHPLFDOVHQVLQJSXUSRVHV 7KHSHULRGRIWKH
UHIUDFWLYHLQGH[PRGXODWLRQIRUD/3)*OLHVLQWKHUDQJHPLQVWHDGRIQPIRUD)%*
7KH RSHUDWLQJ SULQFLSOH RI ORQJ SHULRG ILEHU JUDWLQJV SURSRVHG E\ $ 9HQJVDUNDU DQG
FRZRUNHUV LV LOOXVWUDWHG LQ ILJXUH  9HQJVDUNDU HW DO  ,W FDQ EH VHHQ WKDW OLJKW
YHKLFXODWHGE\WKHIXQGDPHQWDOFRUHPRGHLVSHUWXUEHGE\WKHSUHVHQFHRIWKHJUDWLQJLQWKH
ILEHUFRUHDQGLVFRXSOHGWRIRUZDUGJRLQJFODGGLQJPRGHV)RUORQJSHULRGILEHUJUDWLQJV
WKHGLIIHUHQFHEHWZHHQWKHSURSDJDWLRQFRQVWDQWRIWKHJXLGHGPRGHDQGWKHSKDVHYHFWRURI
WKHJUDWLQJHTXDOVWKHSURSDJDWLRQFRQVWDQWRIRQHRUPRUHFODGGLQJPRGHVDWDSSURSULDWH
ZDYHOHQJWKV
&ODGGLQJ PRGHV UHVXOW IURP WKH UDGLDWLRQ PRGHV WKDW DUH WUDSSHG E\ WKH FODGGLQJDLU
LQWHUIDFH 7KHVH PRGHV DWWHQXDWH UDSLGO\ GXH WR EHQGV LQ WKH ILEHU DQG DEVRUSWLRQ RI
FODGGLQJ


)LJ&RXSOLQJRIWKHIXQGDPHQWDOJXLGHGPRGHWRFODGGLQJPRGHVLQDORQJSHULRGILEHU
JUDWLQJQRWLQVFDOH

/LJKWDWWKHSKDVHPDWFKHGZDYHOHQJWKVLVWKHQORVWIURPWKHILEHU)RUW\SLFDOORQJSHULRG
ILEHU JUDWLQJVPRUH WKDQ RQH FODGGLQJPRGH FDQ VDWLVI\ WKH SKDVHPDWFKLQJ FRQGLWLRQ DW
GLIIHUHQW ZDYHOHQJWKV DQG WKH JXLGHG PRGH FDQ DOVR EH FRXSOHG WR DOO WKRVH FODGGLQJ
PRGHV 7\SLFDO WUDQVPLWWHG VSHFWUD DUH WKXV FRPSRVHG RI VHYHUDO FODGGLQJ PRGHV
UHVRQDQFHV7KHLPSRUWDQWSRLQWLVWKDWWKHVHJUDWLQJVFDQFRXSOHOLJKWRXWRIWKHFRUH7KLV
KDV WZR FRQVHTXHQFHV HQHUJ\ FDQEHJLYHQ WR WKH H[WHUQDOPHGLXPDQG WKH WUDQVPLVVLRQ
VSHFWUXPRIWKH/3)*DUHYHU\VHQVLWLYHWRUHIUDFWLYHLQGH[FKDQJHVRIWKHH[WHUQDOPHGLXP
7KHVH /3)* DUH WKHUHIRUH XVHG WR GHWHFW UHIUDFWLYH LQGH[ FKDQJHV RI WKH VXUURXQGLQJ
PHGLXP
(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

$VLQWKHFDVHRIXQLIRUPILEHU%UDJJJUDWLQJV/3)*·VDUHVHQVLWLYHWRH[WHUQDOSDUDPHWHUV
LQSDUWLFXODU WHPSHUDWXUHVWUDLQRUEHQGLQJ-DPHV	7DWDP 7KHVHQVLWLYLW\RI ORQJ
SHULRG ILEHU JUDWLQJV FKDUDFWHULVWLFV WR HQYLURQPHQWDO SDUDPHWHUV LV LQIOXHQFHG E\ WKH
JUDWLQJ SHULRG %KDWLD  DQG E\ WKH RSWLFDO ILEHU FRPSRVLWLRQ 6KLPD HW DO 
+RZHYHU LW LV DOVR LQIOXHQFHGE\ WKH FODGGLQJPRGHV WRZKLFK FRXSOLQJ WDNHVSODFH7KLV
FRPELQDWLRQRILQIOXHQFHVDOORZVWKHGHVLJQRIORQJSHULRGILEHUJUDWLQJVWKDWKDYHDUDQJH
RI SRVVLEOH UHVSRQVHV WR D SDUWLFXODUPHDVXUDQGEH\RQG WHPSHUDWXUH DQG VWUDLQ$ VLQJOH
ORQJ SHULRG ILEHU JUDWLQJ FDQ LQGHHG EH FKDUDFWHUL]HG E\ DWWHQXDWLRQ EDQGV WKDW KDYH D
SRVLWLYH VHQVLWLYLW\ WR D PHDVXUDQG RWKHUV WKDW DUH LQVHQVLWLYH DQG RWKHUV WKDW KDYH D
QHJDWLYHVHQVLWLYLW\WRWKHPHDVXUDQG,QVXPPDU\LWLVSRVVLEOHWRILQHWXQHWKHVHQVLWLYLW\
WRWHPSHUDWXUHRUVWUDLQE\FKDQJLQJWKHJHRPHWU\RIWKHJUDWLQJDQGWKHZDYHOHQJWKUDQJH
7KHUHIUDFWLYHLQGH[VHQVLWLYLW\RIORQJSHULRGILEHUJUDWLQJVFRPHVIURPWKHGHSHQGHQFHRI
WKHSKDVHPDWFKLQJFRQGLWLRQRQWKHHIIHFWLYHUHIUDFWLYHLQGLFHVRIWKHFODGGLQJPRGHV7KH\
DUH LQGHHG IXQFWLRQ RI WKH GLIIHUHQFH EHWZHHQ WKH VXUURXQGLQJ UHIUDFWLYH LQGH[ DQG WKH
FODGGLQJ UHIUDFWLYH LQGH[ 7KH FHQWUDO ZDYHOHQJWKV RI WKH DWWHQXDWLRQ EDQGV DUH WKXV
GHSHQGHQW RQ WKH VXUURXQGLQJ UHIUDFWLYH LQGH[ SURYLGLQJ WKDW WKH FODGGLQJ KDV D KLJKHU
UHIUDFWLYHLQGH[WKDQWKHVXUURXQGLQJPHGLXP
7KH VHQVLWLYLW\ WR UHIUDFWLYH LQGH[ FKDQJHV LV VSHFWUDOO\PDQLIHVWHG E\ FHQWUDOZDYHOHQJWK
VKLIWV DQG E\ FKDQJHV LQ WKHPLQLPXP WUDQVPLVVLRQ YDOXH RI WKH DWWHQXDWLRQ EDQGV 7KH
KLJKHVWVHQVLWLYLW\LVREWDLQHGIRUKLJKHURUGHUPRGHVDQGRFFXUVIRUUHIUDFWLYHLQGH[YDOXHV
FORVHWRWKDWRIWKHFODGGLQJ3DWULFNHWDO
:KHQ WKH VXUURXQGLQJ UHIUDFWLYH LQGH[ YDOXHPDWFKHV WKDW RI WKH FODGGLQJ WKH FODGGLQJ
DSSHDUVWREHRILQILQLWHH[WHQWDQGDEURDGEDQGUDGLDWLRQPRGHVFRXSOLQJZLWKQRGLVWLQFW
DWWHQXDWLRQEDQGVLVREWDLQHG:KHQWKHVXUURXQGLQJUHIUDFWLYHLQGH[LVKLJKHUWKDQWKDWRI
WKH FODGGLQJ WKH FHQWUDO ZDYHOHQJWKV RI WKH DWWHQXDWLRQ EDQGV SUHVHQW D FRQVLGHUDEO\
UHGXFHGVHQVLWLYLW\/HHHWDO'XKHPHWDO
$ FKDQJH LQ WKH IRUPRI WKH WUDQVPLWWHG VSHFWUXP LV KRZHYHU REWDLQHG VLQFH WKHSHDN WR
SHDNDPSOLWXGHVRIWKHDWWHQXDWLRQUHVRQDQFHVLVUHGXFHG,QVXFKDVLWXDWLRQWKHSUHVHQFH
RI DWWHQXDWLRQ EDQGV LV QR ORQJHU GXH WR WKH WRWDO LQWHUQDO UHIOHFWLRQ DW WKH
FODGGLQJVXUURXQGLQJPHGLXPLQWHUIDFHEXWFRPHVIURPWKH)UHVQHOUHIOHFWLRQWKDW\LHOGVWR
DWWHQXDWHGFODGGLQJPRGHV'XKHPHWDO
7KHUHIUDFWLYHLQGH[VHQVLWLYLW\KDVEHHQH[SORLWHGLQDORWRIDSSOLFDWLRQVVXFKDVFKHPLFDO
FRQFHQWUDWLRQVHQVLQJOLTXLGOHYHOVHQVLQJDQGHYHQELRVHQVLQJ-DPHV	7DWDP

2TGRCTCVKQPQHHKDGTITCVKPIU

7KLVSDUDJUDSKZLOOVKRUWO\H[SODLQWKHPRVWRIWHQXVHGWHFKQLTXHVWRSUHSDUHILEHUJUDWLQJV
HJ WR DFKLHYH WKH UHIUDFWLRQ LQGH[ PRGXODWLRQ LQ WKH FRUH RI WKH ILEHU WKDQNV WR WKH
SKRWRVHQVLWLYLW\HIIHFW
7KHUH DUH HVVHQWLDOO\ PHWKRGV  LQWHUIHURPHWULFPHWKRGSKDVHPDVNSRLQW WRSRLQW DQG
DPSOLWXGHPDVNWHFKQLTXH

+PVGTHGTQOGVTKEOGVJQF
)RUWKHLQWHURPHWULFPHWKRGILJXUHDOVRFDOOHGWUDQVYHUVHKRORJUDSKLFWHFKQLTXH0HOW]
HWDORQHXVHVLQWHUIHURPHWHUWKDWVSOLWVWKHLQFRPLQJ89ODVHUOLJKWDWQPLQWR
WZREHDPVRIHTXDO LQWHQVLW\ WKDWZHUHVXEVHTXHQWO\UHFRPELQHGLQ WKHFRUHUHJLRQRIWKH
1RVKECN(KDTG0GY&GXGNQROGPVU

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D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*HQHUDODPS
LPSURYHPHQWWR
WKHILUVWLQWHUIHUR
HQVLW\EHDPVWKD
K RSWLFDO SDWK
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HUHQFH7KLVSUR
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WLFDOSDWKV7KH
W WKH WZR LQWHUI
HUIHULQJEHDPVW
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H JUDWLQJ SHULRG
WWHUQ GHSHQGV R
HUVHFWLQJ 89 EH
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HRIWKHDGYDQWD
FULEHJUDWLQJVRI
H PDLQ LQFRQYH
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OLWXGHVSOLWWLQJLQ
WKHDPSOLWXGHV
PHWHUSURSRVHG
WUHFRPELQHDIWH
 &RQVHTXHQWO\
UHVXOWVLQDORZT
EOHPLVHOLPLQDWH
WKHEHDPVSOLWWH
WRWDOQXPEHURI
HULQJ EHDPV DUH
RDILQHOLQHPDW
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Q ERWK WKH LUUDG
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ZHOO DV HWFKGH
QLQWHUIHUHQFHSD
XUWKHUPRUH WKH
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WHUIHURPHWHUD
SOLWWLQJLQWHUIHUR
E\*0HOW]WKH
UKDYLQJXQGHUJ
WKH LQWHUIHULQJ
XDOLW\IULQJHSDW
GLQWKHQHZLPS
U UHIOHFWLRQE\ LQ
UHIOHFWLRQV LV WKH
 LGHQWLFDO $ F\O
FKLQJWKHILEHUF
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V LGHQWLFDO WR WK
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VLQ
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DSKLFWHFKQLTXH
DQGWRPRGLI\W
DELOLW\ WRZDUGV
URGXFWLRQ
I WKHPRVW HIIHFW
LEHU 7KLV WHFKQL
XODWH WKH 89Z
FDSODWH7KHVLJ
VPLWWLQJ VLOLFDP
SWK7KHSURILOH
WWHUQ LQGXFLQJ
 SHULRGLFLW\ RI
RI WKHWZREHDP
KHOLJKWRQWRWKH
E
DQGLPSURYHGY
PHWHULVVKRZQ
89ZULWLQJODVHU
RQHDGLIIHUHQWQ
EHDPV DFTXLUH
WHUQIRUODVHUEHD
OHPHQWDWLRQRIW
FOXGLQJD VHFRQ
 VDPH LQ WKH WZ
LQGULFDO OHQV LV
RUH7KHUHVXOWLQ
RIWKHJUDWLQJID
H SHULRGLFLW\ RI
WK ǌ89 DQG WKH K
WLQJ LV WKHQ JL

LVLWVIOH[LELOLW\
KHSHULRGWKURXJ
YLEUDWLRQV DQG
LYHPHWKRGV IRU
TXH XVHV D GLIIU
ULWLQJ EHDP $
QLILFDQWIHDWXUHV
DVN SODWHZLWK
RI WKHSHULRGLF U
DSHUPDQHQWUHIU
 WKH UHIUDFWLYH
V  ,QHDFKSDWK
RSWLFDOILEHU
HUVLRQE
LQILJXUHE,Q
OLJKWLVVSOLWLQWR
XPEHURIUHIOHFWL
GLIIHUHQW SRODUL
PVKDYLQJORZV
KHLQWHUIHURPHWHU
GPLUURU LQRQH
R DUPVZKLFK HQ
DOVR XVHG WR IRF
JLQWHQVLW\REWDL
EULFDWLRQ
WKH LQWHUIHUHQFH
DOI DQJOH EHWZH
YHQ E\ WKH IROO

,QGHHGLWLVSRVV
KYDU\LQJWKHDQ
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(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 
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KWKDWZKHQD8
SUHVVHGWROHVVW
RQHE\DFWLRQRQ
QXVILUVWRUGHUVD
VH GLIIUDFWLRQ R
HUIHUHQFHRIWKHS
RQH KDOI WKDW RI
YHOHQJWK 7KH LQ
HUFRUHWKDWLVSOD
6FKHPDWLFRI
F\OLQGULFDO OHQV
[LPL]HWKHSRZH
UIRUPHG E\ .2
PRQVWUDWLRQ WKH
FULSWLRQ RI QHDU
ZHU)XUWKHUPRU
DVHPDVNWHFKQLT
H SKDVHPDVN WH
WHP 7KH VLPSO
WKRG IRU WKH SUR
FHGGLUHFWO\EHKL
EOHPV GXH WR P
[LEOHDVWKHSHULR
VN'LIIHUHQWPD
6JGRQKPVVQRQ
HSRLQW WR SRLQW
H[FRUUHVSRQGLQ
VHGWRSUHSDUHO
UWSHULRGJUDWLQ
W LW WKHQ UHTXLUH
HULPHQWDO VHWXS
HRI DQ RSWLFDO I
9EHDPLVLQFLGH
KDQDIHZSHUFHQ
WKHGHSWKRIWKH
UHPD[LPL]HGZ
UGHUV $ QHDU
OXVDQGPLQXVIL
WKH SKDVHPDVN
WHUIHUHQFH SDWWHU
FHGLQFORVHSUR[
DSKDVHPDVNXV
FDQ DOVR EH XVH
UGHQVLW\7KHHD
 +LOO DQG FRZ
 SKDVH PDVN WH
O\  UHIOHFWLY
HLWLVQRZSRVVLE
XHZLWKVSHFLILF
FKQLTXH JUHDWO\
LFLW\ RI XVLQJ RQ
GXFWLRQ RI KLJK
QGWKHSKDVHPD
HFKDQLFDO YLEUD
GRIWKHJUDWLQJV
VNVDUHQHHGHGZ
KPVVGEJPKSWG
WHFKQLTXH LV DFF
JWRDJUDWLQJSOD
RQJSHULRGJUDWL
JVZKHQ WKHVSR
V D YHU\ VWDEOH D
 WKH89 ODVHUE
LEHU DV VKRZQ L
QWRQWKHSKDVH
WW\SLFDOO\OHVVW
LQWHUIHUHQFHIULQ
LWKPRUHWKDQ
ILHOG LQWHUIHUHQF
UVWRUGHUGLIIUDFW
 +HQFH RQH JLY
Q SKRWRLPSULQW
LPLW\WRWKHSKDV
HGIRUILEHU%UDJJ
G WR IRFXV WKH I
UOLHVWH[SHULPHQW
RUNHUV LQ 
FKQLTXH KDV EH
H JUDWLQJV LV QR
OHWRIDEULFDWHQ
SKDVHPDVNV
UHGXFHV WKH FRP
O\ RQH RSWLFDO
 TXDOLW\ ILEHU %U
VNLQWKHQHDUILH
WLRQV DUH PLQLP
DQGWKHPD[LPX
KHQWKH%UDJJZ
RPSOLVKHG E\ LQ
QHRQHVWHSDWD
QJV7KLVWHFKQL
W LV VXIILFLHQWO\ I
QG SUHFLVH VXEP
HDPSDVVHV WKUR
Q ILJXUH $V D
PDVNWKH]HURR
KDQRIWKHWU
JHV,QDGGLWLRQ
RIWKHWUDQVPL
H SDWWHUQ LV WK
HGEHDPV7KHSH
HQ SKDVHPDVN
V D UHIUDFWLYH LQ
HPDVNDVVKRZ

JUDWLQJVLQVFULS
ULQJH SDWWHUQ LQ
VXVLQJWKHSKDV
+LOO HW DO 
HQ GHYHORSHG W
Z URXWLQH ZLWK
RQXQLIRUPJUDWLQ
SOH[LW\ RI WKH IL
HOHPHQW SURYLGH
DJJ JUDWLQJV 6LQ
OGRIWKHGLIIUDFWL
L]HG +RZHYHU
POHQJWKRIWKHJ
DYHOHQJWKQHHGV
GXFLQJ D FKDQJH
WLPHDORQJWKHIL
TXHFDQDOVREHD
RFXVHG ZDLVWRI
LFURQ WUDQVODWLR
XJKD VOLWEHIRUH
UHVXOW WKH FRUH
UGHUGLIIUDFWHGE
DQVPLWWHGSRZH
WKHGLIIUDFWHGSOX
WWHGSRZHUIRUH
HQ SURGXFHG E
ULRGLFLW\RIWKHI
\LHOGV RQO\ RQH
GH[PRGXODWLRQ
QLQILJXUH
WLRQ
 WKH ILEHU FRUH D
HPDVNWHFKQLTXH
 6LQFH WKLV RU
R D SRLQW ZKHU
 PRGHUDWH 89 R
JVWUXFWXUHVXVL
EHU JUDWLQJ IDEUL
V D UREXVW DQG
FH WKH RSWLFDO I
QJ89EHDPVVW
 WKLV WHFKQLTXH
UDWLQJDUHIL[HG
WREHPRGLILHG
 LQ WKH FRUH UHIU
EHUFRUH7KLVP
SSOLHGWRPDQXI
 WKHRUGHURI
Q V\VWHP ,Q D W
EHLQJ IRFXVHG
UHIUDFWLYH LQGH[
HDPLV
U7KLV
VDQG
DFKRI
\ WKH
ULQJHV
%UDJJ
LQ WKH
QG WR
ZHUH
LJLQDO
H WKH
SWLFDO
QJWKH
FDWLRQ
VWDEOH
LEHU LV
DELOLW\
LV QRW
E\WKH
DFWLYH
HWKRG
DFWXUH
ǍP
\SLFDO
RQ WKH
LQ WKH
1RVKECN(KDTG0GY&GXGNQROGPVU

LUUDGLDWHGILEHUVHFWLRQLVFKDQJHGORFDOO\7KHILEHULVWKHQWUDQVODWHGWKURXJKDGLVWDQFHƭ
FRUUHVSRQGLQJWRWKHJUDWLQJSHULRGLQDGLUHFWLRQSDUDOOHOWRWKHILEHUD[LV7KLVSURFHVVLV
UHSHDWHGWRIRUPWKHJUDWLQJVWUXFWXUHLQWKHILEHUFRUH'HSHQGLQJRQWKHJUDWLQJOHQJWKWKH
PDQXIDFWXULQJSURFHVV FDQEH UHODWLYHO\ ORQJ&RQVHTXHQWO\ HUURUV LQ WKHJUDWLQJ VSDFLQJ
GXHWRWKHUPDOHIIHFWVDQGRUVPDOOYDULDWLRQVLQWKHRSWLFDOILEHUVWUDLQFDQRFFXU


)LJ2SHUDWLQJSULQFLSOHRIWKHSRLQWWRSRLQWWHFKQLTXH

#ORNKVWFGOCUMVGEJPKSWG
7KH DPSOLWXGHPDVN WHFKQLTXH FRQVLVWV LQ SODFLQJ DPHWDOPDVN JHQHUDOO\ LQ FRSSHU LQ
IURQWRIWKHRSWLFDOILEHU7KHPDVNFRQWDLQVDSDWWHUQWKDWLVLGHQWLFDOO\UHSURGXFHGRQWKH
VLQJOH PRGH RSWLFDO ILEHU GXULQJ WKH 89 EHDP WUDQVODWLRQ VR WKDW WKH SHULRGLFLW\ RI WKH
REWDLQHGJUDWLQJV LV HTXLYDOHQW WR WKDWRI WKHPHWDOPDVN7RREWDLQ DPRGLILFDWLRQRI WKH
JUDWLQJSHULRGLFLW\LWLVWKXVUHTXLUHGWRXVHGLIIHUHQWPHWDOPDVNV

&GUETKRVKQPQHVJGJ[FTQIGPUGPUQTU

7KHGLIIHUHQW VHQVRUV FRQVLVW LQ8QLIRUP)LEHU%UDJJ*UDWLQJV DQGRU/RQJ3HULRG%UDJJ
*UDWLQJVFRYHUHGZLWKDVHQVLWLYHOD\HUWKDWUHDFWVZLWKK\GURJHQ&DXFKHWHXUHWDOD
7KHVHQVLWLYHOD\HUFRQVLVWVLQ3ODWLQXPGRSHGWXQJVWHQWULR[LGHQDQRODPHOODH
7KH LGHD LV WRXVH WKHH[RWKHUPLFHIIHFWGXH WR WKHFRPEXVWLRQRI+RQ WKHVXUIDFHRI WKH
VHQVLWLYHFRDWLQJZKLFKDFWVDVDFDWDO\VWWKDQNVWRWKHIROORZLQJUHDFWLRQVHW
7KHRYHUDOOUHDFWLRQLVWKHFRPEXVWLRQRIK\GURJHQDQG:2LVQRWFRQVXPHG
7KHUHDFWLRQKHDWRIK\GURJHQFRPEXVWLRQLQQRUPDOFRQGLWLRQVLVNFDOPRO
:2+ņ:2+2
:2ô2ņ:2

2TGRCTCVKQPQHVJG$TCIIITCVKPIU
8QLIRUP)%*VDQG ORQJSHULRG ILEHUJUDWLQJV /3)*VZHUH LQVFULEHG LQWRVWDQGDUGVLQJOH
PRGHILEHUE\PHDQVRID IUHTXHQF\GRXEOHG$UJRQLRQ ODVHUHPLWWLQJDWQP3ULRU WR
WKH89 H[SRVXUH WKH RSWLFDO ILEHUZDV K\GURJHQORDGHG DW  & DQG  DWPGXULQJ 
KRXUV$IWHUWKHLQVFULSWLRQWKHJUDWLQJVZHUHDQQHDOHGDW&GXULQJKRXUVLQRUGHUWR
VWDELOL]HWKHLUSURSHUWLHV(YHU\JUDWLQJZDVZULWWHQLQWKHPLGGOHRIDFPORQJVWULSSHG
UHJLRQRI WKHRSWLFDO ILEHU7KHVHQVLWLYHOD\HUZDVGHSRVLWHGXQLIRUPO\DORQJWKHVWULSSHG
UHJLRQXVLQJWKHGLSFRDWLQJWHFKQLTXHWKXVHQVXULQJWKHVDPHH[SHULPHQWDOFRQGLWLRQVIRU
DOOWKHJUDWLQJV$VIXUWKHUH[SODLQHG/3)*VZHUHXVHGIRUWKHLUUDGLDWLYHSURSHUWLHVVLQFH
(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

WKH\DUHWUDQVPLVVLYHJUDWLQJVWKDWFRXSOHOLJKWIURPWKHILEHUFRUHWRWKHFODGGLQJ-DPHV	
7DWDP

4GCNK\CVKQPQHVJGUGPUKVKXGNC[GT
1DQRVL]HG WXQJVWHQ R[LGH SRZGHUZDV SUHSDUHG XVLQJ VROJHOPHWKRG 2ND]DNL HW DO
&DXFKHWHXUHWDO  7R VWDUW DTXHRXV VROJHO RI WXQJVWLF DFLG +:2ZDV
SUHSDUHG IURP 1D:2 ZLWK SURWRQDWHG FDWLRQH[FKDQJH UHVLQ ,Q D ILUVW VWDJH D JHO
FRQVLVWLQJ RI:2+2ZDV IRUPHG 7KH JHOZDVZDVKHG FHQWULIXJHG VHYHUDO WLPHVZLWK
GLVWLOOHGZDWHUDQGGULHGLQDLUDW&IRUK7KHSRZGHUFRQVLVWLQJLQQDQRODPHOODHRI
WXQJVWHQ R[LGH ZLWK KLJK VSHFLILF VXUIDFH DUHD ILJXUH  LV ILQDOO\ REWDLQHG $SSURSULDWH
DPRXQWVRIKH[DFKORURSODWLQLFDFLG+3W&OVROXWLRQZHUHDGGHGWRWKHREWDLQHGSRZGHU
7KHPL[WXUHZDVILQDOO\DQQHDOHGDW&IRUKLQRUGHUWRREWDLQ:2GRSHGZLWK3WRQ
LWVVXUIDFH$WWKHHQGRIWKHSURFHVVWKHDFWLYHOD\HUFRQVLVWVRI:2QDQRODPHOODHVTXDUHV
RIDERXWǍP[ǍP[QPZLWK3WGLVSHUVHGRQWKHLUVXUIDFH7KHPRODUUDWLR3W:ZDV
DERXW$IWHUGHSRVLWLRQRQDVXEVWUDWHDPLFURSRURXVVWUXFWXUHLVREWDLQHGZLWKKLJK
VSHFLILFDUHDDQGKLJKFDWDO\WLFDFWLYLW\


)LJ  6FDQQLQJ (OHFWURQ0LFURVFRS\ LPDJH RI WKH WXQJVWHQ WULR[LGH SRZGHU XVHG LQ WKH
VHQVLWLYHOD\HU&DXFKHWHXUHWDOE

&GRQUKVKQPQHVJGUGPUKVKXGNC[GTQPVJGHKDGT$TCIIITCVKPIU
3ULRU WR WKHGHSRVLWLRQRI WKH OD\HU WKHRSWLFDO ILEHUZDV FOHDQHG7KH VHQVLWLYH OD\HUZDV
WKHQ GHSRVLWHG E\ XVLQJ GLSFRDWLQJ WHFKQLTXH RQ WKH VWULSSHG RSWLFDO ILEHU DW D SODFH
ZKHUHDQ)%*ZDVZULWWHQ7KHQDQRSRZGHURISODWLQXPGRSHGWXQJVWHQR[LGHZDVPL[HG
ZLWKDVROYHQWHWKDQROVRWKDWWKHRSWLFDOILEHUFRXOGEHLPPHUJHGLQWRWKHVROXWLRQ7KHQ
WKHVROYHQWHYDSRUDWHGDWURRPWHPSHUDWXUHDQGWKHVHQVLWLYH OD\HUUHPDLQHGIL[HGRQWKH
RSWLFDOILEHU7KHWKLFNQHVVRIWKHGHSRVLWHGOD\HUZDVPHDVXUHGRIWKHRUGHURIPLFURQV

'ZRGTKOGPVCNUGVWR

7KH VHWXS XVHG WR WHVW WKH + VHQVRUV LQ GLIIHUHQW DLU HQYLURQPHQWV RI YDULRXV UHODWLYH
KXPLGLW\ OHYHOV LV GHSLFWHG LQ ILJXUH  $ EXEEOHU ILOOHG ZLWK GLVWLOOHG ZDWHU LV XVHG WR
1RVKECN(KDTG0GY&GXGNQROGPVU

FRQWURO WKHUHODWLYHKXPLGLW\ OHYHORIDLUEHWZHHQDQG7KUHHPDVVIORZFRQWUROOHUV
SURYLGHGDPL[WXUHRIDLUDQGK\GURJHQZLWKYDULDEOH+FRQFHQWUDWLRQVIURPWRWKH
HUURURQWKHGHWHUPLQDWLRQRIWKH+FRQFHQWUDWLRQEHLQJHTXDOWR7KHJDVFKDPEHU
ZDVPDGHRI D  FP ORQJ DQG  FPZLGHJODVV F\OLQGHUZLWK DQ LQOHW DQG DQRXWOHW WR
DOORZ WKH JDV PL[WXUHV IORZ WKURXJK WKH FKDPEHU 7HPSHUDWXUH DQG JDV IORZ ZHUH
FRQWLQXRXVO\PRQLWRUHG7KHDPSOLWXGHVSHFWUXPRI WKH WHVWHGJUDWLQJVZDVPHDVXUHGE\
PHDQVRIDQ$6(VRXUFHFRYHULQJWKH&/EDQGVQPDQGDQRSWLFDOVSHFWUXP
DQDO\]HU26$ZLWKDQDFFXUDF\RISP


)LJ6FKHPDWLFRIWKHH[SHULPHQWDOVHWXSXVHGWRWHVWWKH+ILEHUJUDWLQJVHQVRUV

4GUWNVU

7KHUHVSRQVHWRK\GURJHQLQMHFWLRQVRIVHQVRUVLQGLIIHUHQWFRQILJXUDWLRQVZDVIROORZHG
)%*RIYDULRXVOHQJWKVDQGK\EULG/3)*)%*VWUXFWXUHVZHUHVWXGLHG
7KHHIIHFWRIDPELHQWWHPSHUDWXUHDQGUHODWLYHKXPLGLW\RQWKHUHVSRQVHZHUHDOVRFKHFNHG
IRUWKHGLIIHUHQWFRQILJXUDWLRQV

7PKHQTO$TCIIITCVKPIU
)LJXUH  SUHVHQWV WKH UHVXOWV REWDLQHG RQ WKH WUDQVPLWWHG VSHFWUXP RI D  FP ORQJ )%*
VXEMHFWHGWRGLIIHUHQW+FRQFHQWUDWLRQVLQGU\DLUDWURRPWHPSHUDWXUH&,QSUHVHQFH
RI + LQ DLU D VKLIW RI WKH %UDJJZDYHOHQJWK WR WKH ULJKW DSSHDUV GXH WR WKH H[RWKHUPLF
UHDFWLRQWKDWRFFXUVEHWZHHQ+PROHFXOHVDQG2PROHFXOHVLQVLGHWKHVHQVLWLYHOD\HU7KH
FKHPLFDOUHDFWLRQRFFXUULQJ LQWKHVHQVLWLYH OD\HU LV WKHR[LGDWLRQRI WKH+PROHFXOHV WKDW
JHQHUDWHV+2PROHFXOHV)RUDFRQFHQWUDWLRQRI+LQGU\DLUWKHPHDVXUHGZDYHOHQJWK
VKLIWLVHTXDOWRQP,WLVHTXLYDOHQWWRDQLQFUHDVHRIWHPSHUDWXUHDURXQGWKH)%*RIDERXW
&VLQFHWKHWHPSHUDWXUHVHQVLWLYLW\RIWKH)%*LVRIWKHRUGHURISP&
,WLVLPSRUWDQWWRPHQWLRQWKDWWKHH[RWKHUPLFUHDFWLRQLVLQLWLDWHGLQVLGHWKHVHQVLWLYHOD\HU
ZKHQDQHQHUJ\WKUHVKROGLVUHDFKHG,WLVLQGHHGUHTXLUHGWREULQJVXIILFLHQWHQHUJ\VRWKDW
WKHFKHPLFDOUHDFWLRQFDQEHLQLWLDWHG)RUWKHFPORQJ)%*WHVWHGDERYHWKHWKUHVKROGLQ
WHUPV RI + FRQFHQWUDWLRQ LV HTXDO WR   LQ GU\ DLU 7KDW PHDQV WKDW IRU WKH ILUVW
/LJKW 26
'U\DLU +
)ORZPHWHUV
*D RXWSX
+
)%
VRXUFH $

%XEEOHU
V WOHW
YHQW
(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

PHDVXUHPHQWF\FOHUHDOL]HGIRULQFUHDVLQJ+FRQFHQWUDWLRQVWKHJUDWLQJGLGQRWUHDFWWR+
FRQFHQWUDWLRQVEHORZ7KHQRQFHWKHFKHPLFDOUHDFWLRQKDVEHHQLQLWLDWHGLWUHDFWHGWR
FRQFHQWUDWLRQVVPDOOHU WKDQDVVKRZQRQ ILJXUH0RUHRYHU LWZDVREVHUYHG WKDW WKH
FRQFHQWUDWLRQ WKUHVKROGGHSHQGHGRQ WKH OHQJWKRI WKHJUDWLQJ 7KH WKUHVKROG LVELJJHU LI
WKHJUDWLQJLVVKRUWHUILJXUH7KLVLVDYHU\LPSRUWDQWIHDWXUHRIRXUVHQVRUWKDWOLPLWVLWV
SUDFWLFDODSSOLFDWLRQV7KDWLVZK\ZHKDYHWULHGWRTXDQWLI\LWDVZHOODVSRVVLEOH

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)LJ7UDQVPLWWHGVSHFWUXPRIDFPORQJ)%*LQUHVSRQVHWRGLIIHUHQW+FRQFHQWUDWLRQV
LQGU\DLUDW&
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+FRQFHQWUDWLRQLQGU\DLU
/ FP+LQFUHDVLQJ
/ FP+GHFUHDVLQJ
/ FP+LQFUHDVLQJ
/ FP+GHFUHDVLQJ

)LJ  6KLIW RI WKH %UDJJ ZDYHOHQJWK DV IXQFWLRQ RI WKH + FRQFHQWUDWLRQ LQ GU\ DLU DW
DPELHQWWHPSHUDWXUHIRUGLIIHUHQWSK\VLFDOOHQJWKVRIWKHJUDWLQJV

)RU WKDW SXUSRVH GLIIHUHQW VWURQJO\ UHIOHFWLYH XQLIRUP JUDWLQJV FKDUDFWHUL]HG E\ GLIIHUHQW
SK\VLFDOOHQJWKVZHUHWHVWHG7KHJUDWLQJVZHUHLQVFULEHGZLWKWKHVDPHYHORFLW\IRUWKH89
EHDP VZHHS DORQJ WKH SKDVH PDVN DQG FRQVHTXHQWO\ WKH ORQJHU JUDWLQJV ZHUH PRUH
H[SRVHGWRWKH89LQWHUIHUHQFHSDWWHUQWKDQWKHVKRUWHUJUDWLQJV7KHORQJHVWJUDWLQJVWKDW
DUHDOVRWKHVWURQJHVWLQWHUPVRIFRXSOLQJFRHIILFLHQWZHUHFKDUDFWHUL]HGE\WKHSUHVHQFHRI
1RVKECN(KDTG0GY&GXGNQROGPVU

LPSRUWDQW FODGGLQJ PRGHV UHVRQDQFHV EHORZ WKH %UDJJ ZDYHOHQJWK LQ WKH WUDQVPLWWHG
VSHFWUXPDSSUR[LPDWHO\G%RISHDNWRSHDNDPSOLWXGHIRUWKHORZRUGHUFODGGLQJPRGHV
DVFDQEHVHHQRQILJXUHZKLFKGHPRQVWUDWHVWKHLUVWURQJFRXSOLQJFKDUDFWHULVWLFV7DEOH
VXPPDUL]HVWKHUHVXOWVREWDLQHGLQWHUPVRIGHWHFWLRQWKUHVKROGRI+FRQFHQWUDWLRQVIRUD
VHW RI  )%*V 7KH GDWD ZHUH UHFRUGHG IRU + FRQFHQWUDWLRQV UDQJLQJ IURP  WR  DQG
LQFUHDVLQJE\VWHSRI

*UDWLQJOHQJWKFP 7KUHVKROG+
 1RUHVSRQVHXSWR
 a
 a
 a
 a
 a
 a
7DEOH7KUHVKROGVIRUWKHGHWHFWLRQRI+LQGU\DLUDVIXQFWLRQRIWKHJUDWLQJOHQJWKGXULQJ
WKHILUVWPHDVXUHPHQWF\FOHDWURRPWHPSHUDWXUH

7KHVHUHVXOWVUHYHDOWKDWWKHSK\VLFDOOHQJWKRIWKHLQVFULEHGJUDWLQJLQIOXHQFHVWKHGHWHFWLRQ
WKUHVKROGRI+FRQFHQWUDWLRQV/RQJHUJUDWLQJVDOORZIRUDUHGXFWLRQRIWKHWKUHVKROG7KLV
FRPHV IURP WKH IDFW WKDW DV WKH\ DUH FKDUDFWHUL]HG E\ D VWURQJ FRXSOLQJ WR ERWK WKH
EDFNZDUGJRLQJFRUHPRGHDQGFODGGLQJPRGHV ORQJJUDWLQJVGHOLYHUVRPHHQHUJ\WRWKH
FODGGLQJ WKDW LV ILQDOO\ FROOHFWHGE\ WKH VHQVLWLYH OD\HU DQG FRQWULEXWHV WRGHFUHDVH WKH+
FRQFHQWUDWLRQV UHTXLUHG WR UHDFK WKH WKUHVKROG 7KLV PHFKDQLVP LV SRVVLEOH VLQFH WKH
UHIUDFWLYH LQGH[ PRGXODWLRQ RI WKH VHQVLWLYH OD\HU LV KLJKHU WKDQ WKDW RI SXUH VLOLFD
&RQVHTXHQWO\OLJKWWKDWLVRXWFRXSOHGIURPWKHFRUHRIWKHILEHULVJXLGHGLQWRWKHVHQVLWLYH
OD\HUDQGDOORZVWRLQLWLDWHWKHFKHPLFDOUHDFWLRQEHWZHHQ+DQG2PROHFXOHVIRUVPDOO+
FRQFHQWUDWLRQV
)LJXUH VKRZV WKHZDYHOHQJWK VKLIWVPHDVXUHG IRUDOO WKH WHVWHGJUDWLQJV LQ UHVSRQVH WR
LQFUHDVLQJDQGGHFUHDVLQJ+FRQFHQWUDWLRQV7KHSODLQFXUYHVZHUHREWDLQHGIRULQFUHDVLQJ
+ FRQFHQWUDWLRQV GXULQJ WKH ILUVW PHDVXUHPHQW F\FOH ZKHUHDV WKH GRWWHG FXUYHV ZHUH
REWDLQHG IRUGHFUHDVLQJ+ FRQFHQWUDWLRQV 7KHZDYHOHQJWK VKLIWVZHUH WKHQFRQYHUWHG WR
WHPSHUDWXUHYDULDWLRQVDURXQGWKHWHVWHG)%*VILJXUH

(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

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+FRQFHQWUDWLRQLQGU\DLU
/ FP
/ FP
/ FP
/ FP
/ FP

)LJ  6KLIW RI WKH %UDJJ ZDYHOHQJWK DV IXQFWLRQ RI WKH + FRQFHQWUDWLRQ LQ GU\ DLU DW
DPELHQWWHPSHUDWXUHIRUGLIIHUHQWSK\VLFDOOHQJWKRIWKHJUDWLQJV

7KH UHVXOWV REWDLQHG IURP WKHVH H[SHULPHQWV GHPRQVWUDWH WKDW WKH JUDWLQJ OHQJWK KDV QR
LQIOXHQFH RQ WKH WHPSHUDWXUH GHOLYHUHG E\ WKH FKHPLFDO UHDFWLRQ 7KH VHQVLWLYLW\ RI WKH
VHQVRUWKHVORSHRIWKHFXUYH LV WKXVQRWGHSHQGHQWRQWKHJUDWLQJSK\VLFDOSURSHUWLHVDV
H[SHFWHGVLQFHWKHUHDFKHGWHPSHUDWXUHPDLQO\GHSHQGVRQWKHK\GURJHQFRQFHQWUDWLRQ
$QRWKHU LPSRUWDQW IHDWXUH LV WKH OLQHDU EHKDYLRXU REWDLQHG LQ UHVSRQVH WR YDU\LQJ +
FRQFHQWUDWLRQV0RUHRYHU WKHGDWD REWDLQHG IRU LQFUHDVLQJ+ FRQFHQWUDWLRQVPDWFK WKRVH
REWDLQHG IRU GHFUHDVLQJ + FRQFHQWUDWLRQV VR WKDW WKHUH LV QR K\VWHUHVLV LQ WKH VHQVRU
UHVSRQVH7KLVFKDUDFWHULVWLFLVVXUHO\REWDLQHGRZLQJWRWKHYHU\VPDOOUHVSRQVHWLPHOHVV
WKDQVHFRQGVRIWKHVHQVRUWRYDU\LQJ+FRQFHQWUDWLRQV
7KH +)%* VHQVRUV ZHUH DOVR WHVWHG LQ ZHW DLU HQYLURQPHQWV DQG WKH REWDLQHG UHVXOWV
GHPRQVWUDWHGWKDWWKHWKUHVKROGRIGHWHFWLRQRIK\GURJHQFRQFHQWUDWLRQLQFUHDVHVZKHQWKH
UHODWLYHKXPLGLW\OHYHO LQFUHDVHV)RUWKHFPORQJ)%*VHQVRU  WKHWKUHVKROGLQFUHDVHG
IURPWRZKHQWKHUHODWLYHKXPLGLW\OHYHOZDVFKDQJHGIURPWR)RUWKH
FPORQJ)%*LWLQFUHDVHGIURPWRZKHQWKHUHODWLYHKXPLGLW\OHYHOZDVFKDQJHG
IURPWR7KLVLQFUHDVHDWWULEXWHGWRWKHSUHVHQFHRI+2PROHFXOHVDGVRUEHGRQWKH
VXUIDFHWKDWWHQGWRLQKLELWWKHUHDFWLRQJLYHQLQ7KHVHQVLWLYLW\WR+FRQFHQWUDWLRQVGLG
QRW KDQJH LQ ZHW DLU LQ FRPSDULVRQ WR WKDW REWDLQHG LQ GU\ DLU EHFDXVH DV ORQJ DV WKH
WKUHVKROG LV SDVVHG WKH WHPSHUDWXUH RQ WKH VHQVRU LV KLJK HQRXJK WR GHVRUE WKH ZDWHU
PROHFXOHVDGVRUEHGRQWKHVXUIDFHDQGWKHUHDFWLRQWDNHVSODFHDVLIZDWHUZHUHQRWSUHVHQW
,QGHHGWKHWHPSHUDWXUHLVKLJKHUWKDQ&ZKHQWKHUHDFWLRQLVLJQLWHG
+RZHYHU DV VKRZQRQ ILJXUH  WKH VHQVLWLYLW\ LQ UHVSRQVH WR+ FRQFHQWUDWLRQVGLGQRW
FKDQJH LQZHW DLU LQ FRPSDULVRQ WR WKDW REWDLQHG LQ GU\ DLU 7KH GLIIHUHQFHV EHWZHHQ WKH
WHPSHUDWXUHV UHDFKHG LQGU\ DLU DQG LQ ZHW DLU DOO IHOOZLWKLQr  &ZKDWHYHU WKH
K\GURJHQFRQFHQWUDWLRQYDOXH
/RZWHPSHUDWXUHHQYLURQPHQWVDOVROHGWRDQLQFUHDVHRIWKHWKUHVKROGYDOXH$W&WKH
GHWHFWLRQWKUHVKROGUHDFKHGIRUWKHFPORQJ)%*7KLVYDOXHLVVWLOOZHOOEHORZWKH
H[SORVLRQOLPLWDQGLWFDQEHDFFHSWHGLQRXUDSSOLFDWLRQV
1RVKECN(KDTG0GY&GXGNQROGPVU

7KHVHOHFWLYLW\RIWKHVHQVLWLYHOD\HUZDVWHVWHGZLWKRWKHUJDVHVVXFKDVFDUERQPRQR[LGH
PHWKDQH DQG SXUH QLWURJHQ 1R DQVZHU ZDV REWDLQHG GHPRQVWUDWLQJ WKDW WKLV VHQVRU LV
VSHFLILFWRWKHGHWHFWLRQRIK\GURJHQLQDLU
7KHVH UHVXOWV FDQ EH UDWLRQDOL]HG E\ D VLPSOHPRGHO  WKH UHVSRQVH RI WKH VHQVRU FDQ EH
XQGHUVWRRGE\H[DPLQDWLRQRIWKHKHDWIORZVH[FKDQJHGRQWKHVHQVLWLYHOD\HUVXUIDFHLQWKH
SUHVHQFHRI+

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)LJ7HPSHUDWXUHYDULDWLRQDURXQGWKH)%*DVIXQFWLRQRIWKH+FRQFHQWUDWLRQLQGU\DLU
DWDPELHQWWHPSHUDWXUHIRUGLIIHUHQWSK\VLFDOOHQJWKRIWKHJUDWLQJV
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









7H
P
SH
UD
WX
UH
Y
DU
LD
WLR
Q
DU
RX
QG
WK
H
)%
*

&
+FRQFHQWUDWLRQLQZHWDLU

)LJ  7HPSHUDWXUH YDULDWLRQ DURXQG WKH  FP ORQJ )%* DV IXQFWLRQ RI WKH +
FRQFHQWUDWLRQLQZHWDLUDWDPELHQWWHPSHUDWXUH
(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

:KHQWKHVHQVLWLYHOD\HULVLQFRQWDFWZLWKDJDVPL[WXUHRIDLUDQGK\GURJHQWKHR[LGDWLRQ
RI + PROHFXOHV E\ 2 PROHFXOHV FRQWDLQHG LQ DLU RFFXUV RQ LWV VXUIDFH 7KLV UHDFWLRQ LV
H[RWKHUPLF VR WKDW WKH WHPSHUDWXUH ORFDOO\ LQFUHDVHV DURXQG WKH JUDWLQJV + VHQVLQJ LV
WKHUHIRUH EDVHG RQ WKH PRQLWRULQJ RI WKH UHVRQDQFH ZDYHOHQJWK VKLIW LQGXFHG E\ WKH
WHPSHUDWXUHFKDQJH7KLVUHDFWLRQUHTXLUHVDQDFWLYDWLRQHQHUJ\HTXDOWRH9$SSHOHW
DO7KHWHPSHUDWXUHH[SHULHQFHGE\WKHJUDWLQJUHVXOWVIURPWKHHTXLOLEULXPEHWZHHQ
WKHKHDW IORZGHOLYHUHGE\ WKHH[RWKHUPLFUHDFWLRQ ǗUDQG WKHKHDW IORZ ORVWE\H[FKDQJH
ZLWKWKHVXUURXQGLQJPHGLXPǗWK,QDYHU\JRRGDSSUR[LPDWLRQZHPD\FRQVLGHUWKDWǗWK
LVGRPLQDWHGE\UDGLDWLRQVRWKDWLWFDQEHH[SUHVVHGE\
ɔ୲୦ ൌ ɂɐሺସ െ ୣସሻሺͳͳሻ
ZKHUHH LV WKH HPLVVLYLW\RI WKH:2 OD\HU FORVH WR  DV LWZDV HVWLPDWHG IURP LQIUDUHG
PHDVXUHPHQW RI D VXUIDFH RI :2 KHDWHG WR D NQRZQ WHPSHUDWXUH ǔ LV WKH 6WHIDQ
%ROW]PDQQFRQVWDQW:P.7LVWKHDEVROXWHWHPSHUDWXUHPHDVXUHGE\WKH
JUDWLQJDQG7HLVWKHDEVROXWHDPELHQWWHPSHUDWXUHǗULVGHILQHGDV
Ǘ୰ ൌ Ǥ ሺെο୰ሻ
 ൌ Ǥ ୌଶ
 ൌ ଴Ǥ ሺെ ୉ୟୖ୘ሻ
ZKHUHYLVWKHUHDFWLRQUDWHDQGƦ+ULVWKHUHDFWLRQKHDWDQGLVHTXDOWRNFDOPRO7KH
UHDFWLRQ UDWH Y LV SURSRUWLRQDO WR WKH FRQFHQWUDWLRQ RI K\GURJHQ&+ DQG GHSHQGV RQ WKH
WHPSHUDWXUHWKURXJKWKHXVXDO$UUKHQLXVIRUPXOD(DLVWKHDFWLYDWLRQHQHUJ\H95LV
WKHJDVFRQVWDQWHTXDO WR -PRO.NGHSHQGVRQ WKHDPRXQWRI3WSHU VXUIDFHXQLW
DQGUHIOHFWVWKHVHQVLWLYHOD\HUHIILFLHQF\,WVYDOXHLVQRWSUHFLVHO\NQRZQLQSUDFWLFH8VLQJ
(TDQGWKHVHQVRUEHKDYLRUFDQEHVHPLTXDQWLWDWLYHO\VLPXODWHGIURPWKHFRQGLWLRQ
ǗWK ǗU IRU GLIIHUHQW RSHUDWLQJ FRQGLWLRQV )LJXUH  VKRZV VLPXODWLRQ UHVXOWV REWDLQHG IRU
GLIIHUHQWDPELHQWWHPSHUDWXUHVDQGIRUGLIIHUHQWVHQVLWLYHOD\HUHIILFLHQFLHVWKHSDUDPHWHUV
SXW LQ WKH PRGHO ZHUH QRW RSWLPL]HG WR H[DFWO\ VLPXODWH WKH H[SHULPHQWDO UHVXOWV
UHDVRQDEOHYDOXHVZHUHXVHGWRTXDOLWDWLYHO\H[SODLQWKHREVHUYHGUHVXOWV&RQIRUPLQJO\WR
RXUH[SHULPHQWVRQHFDQVHHRQILJXUHWKDWWKHGHWHFWLRQWKUHVKROGLQFUHDVHVZKHQERWK
WKHDPELHQWWHPSHUDWXUHDQGWKHVHQVLWLYHOD\HUHIILFLHQF\GHFUHDVH'HFUHDVLQJNJLYHVWKH
VDPHTXDOLWDWLYHHIIHFWDVDKXPLGLW\OHYHOLQFUHDVHVLQFHZDWHUPROHFXOHVWHQGWRLQKLELWWKH
H[RWKHUPLFUHDFWLRQRFFXUULQJRQWKHVHQVLWLYH OD\HU+HQFH LWPD\H[SODLQWKH LQFUHDVHRI
WKH WKUHVKROG OHYHO+RZHYHU IRU WKHJOREDO HYROXWLRQ DV WKH WHPSHUDWXUH LQFUHDVHVZKLOH
K\GURJHQUHDFWVWKHDGVRUEHGZDWHUPROHFXOHVGLVDSSHDUIURPWKHVXUIDFHDQGWKHRFFXSLHG
UHDFWLRQVLWHVDUHUHOHDVHGDQGFDQSDUWLFLSDWHWRWKHUHDFWLRQ&RQVHTXHQWO\DVVRRQDVWKH
WHPSHUDWXUHH[FHHGV&WKHHIIHFWRIZDWHUDOPRVWYDQLVKHVDQGWKHHTXLOLEULXPUHVSRQVH
UHPDLQVWKHVDPHDVLQDEVHQFHRIZDWHU
'XHWRWKHDFWLYDWLRQHQHUJ\H9RIWKHFKHPLFDOUHDFWLRQWKHUHH[LVWVDPLQLPXPRI+
FRQFHQWUDWLRQ EHORZ ZKLFK WKH UHDFWLRQ ZLOO QRW VWDUW ,Q RWKHU ZRUGV WKHUH H[LVWV D
WKUHVKROG YDOXH LQ WHUPV RI + FRQFHQWUDWLRQ EHORZ ZKLFK WKH VHQVRU GRHV QRW UHDFW ,Q
SUDFWLFH WKLV WKUHVKROGYDOXH FDQEHGHFUHDVHG WKDQNV WR DQ H[WHUQDO HQHUJ\ FRQWULEXWLRQ
7KLVFRXOGEHGRQHIRULQVWDQFHE\DORFDOKHDWLQJRIWKHVHQVLWLYHOD\HU2QHHIILFLHQWZD\WR
GRWKLVLVWRH[SORLWWKHOLJKWHQHUJ\WUDQVSRUWHGE\WKHRSWLFDOILEHU,QGHHGDWQPWKH
SKRWRQHQHUJ\LVDERXWH9DQGFRQVHTXHQWO\OLJKWWKDWZRXOGEHFRXSOHGIURPWKHFRUH
RI WKH RSWLFDO ILEHU WRZDUGV WKH VHQVLWLYH OD\HU FRXOG IDYRU WKH UHDFWLRQ IRU ORZHU +
1RVKECN(KDTG0GY&GXGNQROGPVU
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FHQWUDWLRQV 7K
VLWLYHOD\HULVVOL
JUDWLQJ7KLVHI
6HQVRUUHVS
GIRUGLIIHUHQWVHQ
*[DTKFUVTWEVW
WKHSUHYLRXVSDU
XH WR  LQGU\
*VDUHVRVWURQJ
OOVLQWKHQRLVH0
WHPSHUDWXUHVEH
 DYRLG WKH OLP
HULPSRVLWLRQRI
 OLJKW FRXSOLQJ
H[RIWKHVHQVLWLY
FD WKH OLJKW RXW
RWRQHQHUJ\DUR
H )%* LV XVHG D
UHIRUHEDVHGRQ
UHIOHFWHGVSHFWUX
WKNLQGVRIJUDWLQ
/3)*ZDVFKRVH
LGHWKHVSHFWUDOU
KDIHDWXUH$F
J /3)* VR DV W
UHPLW\RIWKH/3
XUHDOVRVKRZ
UILUVWH[SHULPHQ
 FP ORQJ /3)
LRXV WUDQVPLVVLR
WLFDO SRZHU P
LV FRXSOLQJ PHF
JKWO\KLJKHUWKDQ
IHFWZDVQRWVLP
RQVHVVLPXODWHGI
VLWLYHOD\HUHIILF
TG.2()($)
DJUDSKZHKDYH
 DLUZLWK VWURQJ
WKDWWKHDFFXUDWH
RUHRYHUDGUDV
ORZ&ZKLFK
LWDWLRQV RI XQLIR
DXQLIRUP)%*Z
WR WKH FODGGLQJ
HOD\HUFRQVLVWLQ
FRXSOHG LQ WKH
XQGQPa
V D SUREH WR UHIO
WKHPRQLWRULQJR
PRIWKHXQLIRUP
JVZHUHGHVLJQH
QVRDVWRREWDLQ
DQJHRIWKHRSWLF
PORQJQPS
R REWDLQ D SRLQW
)*WRWDNHDPD[
VWKHWUDQVPLWWHG
WVFRQVLVWHGLQW
*V FKDUDFWHUL]HG
Q ORVVHV LQ WKH
:EXWGLIIHUHQ
KDQLVP LV SRVVL
WKDWRISXUHVLOLF
XODWHGVRIDULQ
RUGLIIHUHQWDPE
LHQFLHVULJKW²WH
GHPRQVWUDWHGW
O\ UHIOHFWLYHXQL
PHDVXUHPHQWR
WLFLQFUHDVHRIWK
VWURQJO\OLPLWVWK
UP )%*V D K\
LWKLQDQ/3)*LV
PRGHV LQGXFHG
JHVVHQWLDOO\LQ:
FODGGLQJ SHQHWUD
H9IDYRUVWKHH
HFW WKH WHPSHUDW
I WKHZDYHOHQJW
)%*
GWRPLQLPL]HWKH
DVWURQJUHVRQDQ
DOVRXUFH$SHU
HULRGXQLIRUP)
 VHQVRU $V VKR
LPXPSURILWRIWK
DQGUHIOHFWHGVS
HVWLQJWKHEHKDY
 E\ GLIIHUHQW U
&/ EDQGV 7KH
W H[SRVXUH WLPH
EOH VLQFH WKH UH
D7KLVH[SODLQV
RXUVLPSOHDQ
LHQWWHPSHUDWXUH
 &
KHSRVVLELOLW\WR
IRUP)%*V+RZ
IWKHLU%UDJJZD
HWKUHVKROGZDVR
HXVHRIXQLIRUP
EULG FRQILJXUDW
SUHVHQWHG7KLV
E\ WKH /3)* ,Q
2LVVOLJKWO\K
WHV WKH VHQVLWLYH
[RWKHUPLFUHDFWL
XUH FKDQJH 7KH
KVKLIWGXHWRD
GHWHFWLRQWKUHVK
FHEDQGOLJKWFR
LRGLFLW\RIǍP
%*ZDVWKHQVXS
ZQ LQ ILJXUH 
HOLJKWFRXSOLQJ
HFWUDRIDW\SLFDO
LRURIK\EULGFRQ
HIUDFWLYH LQGH[
 /3)*V ZHUH LQ
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RQ
VHQVLQJPHFKDQ
WHPSHUDWXUHFKD
ROG7KHSHULRGL
XSOHGWRWKHFODG
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ISXUH
QHUJ\
LVP LV
QJHLQ
FLW\RI
GLQJ
REWDLQ
HFP
DW WKH
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WLRQ
SRVHG
HOGLQJ
 VDPH
 EHDP
(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

DORQJ WKH H[SRVHG ILEHU OHQJWK VHW WR  FPV VR WKDW WKH ODVHU IOXHQFH ZDV PRGLILHG
EHWZHHQ WKH GLIIHUHQW LQVFULSWLRQV ,Q DQ\ FDVH WKH )%*V ZHUH FKDUDFWHUL]HG E\ D
WUDQVPLVVLRQORVVRIDERXWG%
7KH UDGLDWLQJ HIILFLHQF\ RI HYHU\ FRDWHG /3)* ZDV HYDOXDWHG E\ FRPSXWLQJ WKH UDWLR
EHWZHHQ WKH LQMHFWHG DQG WUDQVPLWWHG RSWLFDO SRZHUV LQWHJUDWHG RYHU WKH /3)* UHVRQDQFH
EDQGZLGWK7KHGLIIHUHQFHEHWZHHQWKHVHWZRTXDQWLWLHVLQGHHGUHYHDOVWKHWRWDODPRXQWRI
UDGLDWHGRSWLFDOSRZHU,QDGGLWLRQDQH[DPLQDWLRQRIWKHILEHUVXUIDFHZLWKDQ,5FDPHUD
UHYHDOHG WKDW WKHUDGLDWLRQH[WHQGVRQD IHZFHQWLPHWHUVEH\RQGWKH/3)*HQGDQG LVQRW
XQLIRUP DORQJ WKH JUDWLQJ OHQJWK +HQFH RQO\ D SDUW RI WKH WRWDO UDGLDWHG SRZHU FDQ EH
FROOHFWHG E\ WKH VHQVLWLYH OD\HU DQG LV XVHIXO WR IDYRU WKH H[RWKHUPLF UHDFWLRQ )URP RXU
H[SHULPHQWVWKLVSDUWZDVURXJKO\HVWLPDWHGWRWKHWKLUGRIWKHWRWDOUDGLDWHGSRZHU)LJXUH
VKRZVWKDWWKH/3)*UDGLDWLQJHIILFLHQF\LQFUHDVHVZLWKUHVSHFWWRWKHH[SRVXUHWLPH
,QSDUWLFXODUZLWKWKH/3)*FKDUDFWHUL]HGE\DG%WUDQVPLVVLRQORVVPRUHWKDQRI
WKHLQMHFWHGOLJKWLVFRXSOHGRXWRIWKHILEHUFRUH)RUWKLVJUDWLQJDQGZLWKWKH$6(VRXUFH
XVHGKHUHZHDSSUR[LPDWHG WRP:WKHRSWLFDOSRZHUFROOHFWHGE\ WKHVHQVLWLYH OD\HU
7KLVTXDQWLW\FRUUHVSRQGVWRDERXWSKRWRQVVPZKLFKLVVXIILFLHQWWRIDYRUWKH
UHDFWLRQ ZLWK UHVSHFW WR WKH WRWDO QXPEHU RI + DGVRUSWLRQ VLWHV SHU VXUIDFH XQLW RI WKH
VHQVLWLYH OD\HU HVWLPDWHG WR P RI ILEHU 7KH H[DFW TXDQWXP HIILFLHQF\ LV FXUUHQWO\
XQNQRZQDQGWKHLQYROYHGPHFKDQLVPVDUHWKXVEHLQJLQYHVWLJDWHG












 


)LJ  8QLIRUP )%* VXSHULPSRVHG LQ D /3)* IRU + GHWHFWLRQ D DQG
WUDQVPLWWHGUHIOHFWHGVSHFWUDRIWKLVK\EULGVHQVRURQWKH&/EDQGVE

)LJXUH  FRQILUPV WKH WKUHVKROG UHGXFWLRQ REWDLQHG SURYLGHG E\ /3)*V:LWK WKH /3)*
FKDUDFWHUL]HG E\ D  G% ORVV WKH WKUHVKROG KDV EHHQ PHDVXUHG HTXDO WR   RI +
FRQFHQWUDWLRQLQVWHDGRIZLWKWKHHTXLYDOHQWVLQJOHXQLIRUP)%*,WPXVWEHQRWLFHGWKDW
IRU DOO JUDSKV WKH UHVSRQVH ZDYHOHQJWK VKLIW YHUVXV FRQFHQWUDWLRQ LV DSSUR[LPDWHO\ WKH
VDPH\LHOGLQJWKHVDPHVHQVLWLYLW\7KLVLVGXHWRWKHIDFWWKDWWKHUHVSRQVHLVGLUHFWO\OLQNHG
WRWKHWHPSHUDWXUHUHDFKHGWKDQNWRWKHH[RWKHUPLFUHDFWLRQ)RUDOOVHQVRUVWKHUHVSRQVHLV
OLQHDUDQGUHYHUVLEOHZLWKDPHDQVHQVLWLYLW\HTXDOWRSPSHURI+FRQFHQWUDWLRQ
ZKLFK LV HDV\ WR GHWHFW ZLWK D VWDQGDUG LQVWUXPHQWDWLRQ 7KH VHQVRU UHVSRQVH WLPH ZDV
PHDVXUHGRIDERXWRQHVHFRQGIRU+FRQFHQWUDWLRQVDERYHWKHGHWHFWLRQWKUHVKROG
D
E
D E
1RVKECN(KDTG0GY&GXGNQROGPVU

)LJ
WUD

)LJ
XQ

7K
)LJ
/3
ZH
LQF
,Q
FOH
WKU
)LQ
SH
  5DGLDWLQJ H
QVPLVVLRQORVVLQ
%UDJJZDYH
LIRUP)%*DQGK
HVHQVRUEHKDYLR
XUH  SUHVHQWV
)*FKDUDFWHUL]HG
W DLU HQYLURQPHQ
UHDVHV
ZHWDLUWKH
DULPSURYHPHQW
HVKROGYDOXHKDV
DOO\ ILJXUH 
UIRUPDQFHVVLQFH
IILFLHQF\ DV D IX
WKH&/EDQGV
OHQJWKVKLIWDVD
\EULGJUDWLQJVZ
UZDVDOVRWHVWHG
WKH %UDJJZDYH
E\WKHG%WUD
WV 7KH+ GHWH
WKUHVKROGKDVE
LQFRPSDULVRQW
EHHQPHDVXUHG
FRQILUPV WKDW D
PRUHHQHUJ\LVU
QFWLRQ RI WKH H[
IXQFWLRQRIWKH
LWKYDULRXV/3)*
LQZHWDLUHQYL
OHQJWK VKLIW RI D
QVPLVVLRQORVV
FWLRQ WKUHVKROG L
HHQPHDVXUHGHT
RDVLQJOHFPO
KLJKHUWKDQL
 VXUURXQGLQJ WH
HTXLUHGWRLQLWLDW
SRVXUH WLPH DQG
+FRQFHQWUDWLRQ
V
URQPHQWVDQGDW
 K\EULG VHQVRU 
GXHWRWKH+FRQ
QFUHDVHV DV WKH U
XDOWR+F
RQJXQLIRUP)%*
QZHWDLU
PSHUDWXUH GHFUH
HWKHH[RWKHUPLF

 FRUUHVSRQGLQJ

LQGU\DLUIRUD
YDULRXVWHPSHUD
FRQILJXUDWLRQZL
FHQWUDWLRQLQGLI
HODWLYHKXPLGLW\
RQFHQWUDWLRQ7K
VHQVRUIRUZKL
DVH OLPLWV WKH
UHDFWLRQIRUDJLY
/3)*
VLQJOH
WXUHV
WK WKH
IHUHQW
 OHYHO
LVLVD
FKWKH
VHQVRU
HQ+
(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

FRQFHQWUDWLRQ+RZHYHUZKLOHDVLQJOH)%*LVQRWVHQVLWLYHWR+FRQFHQWUDWLRQVXSWR
DW&WKHK\EULGFRQILJXUDWLRQSUHVHQWVDGHWHFWLRQWKUHVKROGHTXDOWR


)LJ%UDJJZDYHOHQJWKVKLIWDVDIXQFWLRQRIWKH+FRQFHQWUDWLRQLQZHWDLUIRUDK\EULG
VHQVRU

)LJ  %UDJJ ZDYHOHQJWK VKLIW DV D IXQFWLRQ RI WKH + FRQFHQWUDWLRQ DW GLIIHUHQW
WHPSHUDWXUHV

+HQFH LQ FRPSDULVRQ WR WKH XVH RI VLQJOH )%*V WKH K\EULG FRQILJXUDWLRQ SUHVHQWV WKH
LPSRUWDQW DGYDQWDJH WR GHFUHDVH WKH GHWHFWLRQ WKUHVKROG YDOXH IRU DQ\ H[SHULPHQWDO
FRQGLWLRQV7KLVIHDWXUHLVOLQNHGWRWKHXVHRI/3)*VDQGLVSRVVLEOHZLWKRXWLQFUHDVLQJWKH
1RVKECN(KDTG0GY&GXGNQROGPVU

RSWLFDO VRXUFHSRZHUGHQVLW\ ,W WKXV DOORZV WRZRUNZLWKD VWDQGDUGRSWLFDO VRXUFH WRWDO
SRZHURIP:LQRXUFDVHZKLFKNHHSVDV ORZDVSRVVLEOHWKHVHQVRUSULFH/HWXVDOVR
PHQWLRQWKDWXVLQJXQLIRUP)%*VDVSUREHVLQVWHDGRI/3)*VSUHVHQWVWZRDVVHWV)LUVWWKH
VHQVRU UHVSRQVH LV HQFRGHG LQ WKH %UDJJ ZDYHOHQJWK DQG LV WKHUHIRUH QRW LQIOXHQFHG E\
EHQGLQJHIIHFWVZKLFK LVQRW WKH FDVH IRU/3)*V 6HFRQGZKLOH WKH UHVRQDQFHEDQGRI DQ
/3)* H[WHQGV RQ VHYHUDO WHQV RI QDQRPHWHUV FRPSOLFDWLQJ WKH UHDOL]DWLRQ RI TXDVL
GLVWULEXWHG VHQVRUV ZLWK VXFK JUDWLQJV D ZDYHOHQJWK ZLQGRZ RI VHYHUDO QDQRPHWHUV LV
VXIILFLHQWWRUHFRUGWKHUHIOHFWHGVSHFWUXPHYROXWLRQRIXQLIRUP)%*V&RQVHTXHQWO\WKDQNV
WR WKH SUHVHQFH RI XQLIRUP )%*V WKH K\EULG FRQILJXUDWLRQ FDQ EH XVHG LQ IUHTXHQF\
PXOWLSOH[HGV\VWHPV,QSDUWLFXODUZLWK/3)*VFKDUDFWHUL]HGE\DWUDQVPLVVLRQORVVRIG%
XSWRK\EULGVHQVRUVFDQEHFDVFDGHGDORQJDQRSWLFDOILEHULQWKHUDQJHRIWKHXVHG$6(
VRXUFH

%QPENWUKQPUCPFHWVWTGYQTM

,QWKLVFKDSWHUDQRYHOVHQVRULVSUHVHQWHGWKDWLVDEOHWRPHDVXUHK\GURJHQOHDNVLQDLUE\
PHDQV RI RSWLFDO ILEHUV 7KH VHQVRU LV FRPSRVHG RI D ILEHU %UDJJ JUDWLQJ FRYHUHG E\ D
FDWDO\WLFVHQVLWLYHOD\HU,QSUHVHQFHRIK\GURJHQLQDLUDQH[RWKHUPLFUHDFWLRQEHWZHHQ+
PROHFXOHV DQG 2 PROHFXOHV WDNHV SODFH RQ WKH VHQVLWLYH OD\HU OHDGLQJ WR DQ LQFUHDVH RI
WHPSHUDWXUHDURXQGWKH%UDJJJUDWLQJ7KHGHWHFWLRQRI+FRQFHQWUDWLRQVLVWKXVEDVHGRQ
WKHPRQLWRULQJRIWKH%UDJJZDYHOHQJWKVKLIWLQUHVSRQVHWRWHPSHUDWXUHFKDQJHV
2XUVHQVRURIIHUVDYHU\JRRGVHQVLWLYLW\DQGDYHU\IDVWUHVSRQVH,WLVVHOHFWLYHWRK\GURJHQ
DQGSUHVHQWV D UDSLG OLQHDU UHVSRQVHZLWKRXW K\VWHUHVLVZKLFK FRQVWLWXWH YHU\ LPSRUWDQW
VHQVRU FKDUDFWHULVWLFV ,W LV DOVR FRPSDWLEOH ZLWK IUHTXHQF\ PXOWLSOH[LQJ DQG FDQ
FRQVHTXHQWO\DOORZIRUWKHUHDOL]DWLRQRITXDVLGLVWULEXWHGVHQVRUV
+RZHYHU LQ LWV EDVLF FRQILJXUDWLRQ WKLV VHQVRU VXIIHUV IURP WKH SUHVHQFH RI D GHWHFWLRQ
WKUHVKROG WKDW OLPLWV WKH UDQJH RI + FRQFHQWUDWLRQV WKDW LW FDQ GHWHFW 7KH SRVVLELOLW\ WR
GHFUHDVHWKLVWKUHVKROGE\ZRUNLQJZLWKKLJKO\UHIOHFWLYHJUDWLQJVKDVEHHQVKRZQ
7KH PRVW HOHJDQW VROXWLRQ FRQVLVWV LQ VXSHULPSRVHG K\EULG ILEHU JUDWLQJV FRDWHG ZLWK D
FDWDO\WLF VHQVLWLYH OD\HU WKDW KHDWV WKH JUDWLQJV LQ WKHSUHVHQFH RI K\GURJHQ LQ DLU ,Q WKLV
K\EULG FRQILJXUDWLRQ WKH/3)*SURYLGHGD OLJKW HQHUJ\ FRXSOLQJ WR WKH VHQVLWLYH OD\HU WR
GHFUHDVH WKH + GHWHFWLRQ WKUHVKROG ZKLOH WKH )%* ZDV XVHG WR WUDFN WKH WHPSHUDWXUH
LQFUHDVH 9HU\ JRRG VHQVLQJ SHUIRUPDQFHV KDYH EHHQ UHSRUWHG IDVW UHVSRQVH KLJK
VHQVLWLYLW\UHYHUVLELOLW\IUHTXHQF\PXOWLSOH[LQJFDSDELOLW\DQG+FRQFHQWUDWLRQVGHWHFWLRQ
ZHOO EHORZ WKH H[SORVLRQ OLPLW RI   ZKDWHYHU WKH UHODWLYH KXPLGLW\ OHYHO DQG IRU
WHPSHUDWXUHVGRZQWR&
7KHVH K\EULG FRQILJXUDWLRQV ZLOO EH IXUWKHU VWXGLHG LQ RUGHU WR PLQLPL]H WKH UHDFWLRQ
WKUHVKROG)XWXUHZRUNRQWKHVHVHQVRUVZRXOGEHWRJHWIXOOXQGHUVWDQGLQJDQGPRGHOLQJ
RI WKHVHQVRUDQG WKHQRSWLPL]DWLRQRI WKHVHQVRU LQRUGHU WRPLQLPL]H WKHGHWHFWLRQ OLPLW
LPSRVHGE\WKHUHDFWLRQWKUHVKROG

 
(KPFKPIJ[FTQIGPNGCMUD[OGCPUQHVJGſDGT$TCIIITCVKPIUVGEJPQNQI[ 

4GHGTGPEGU

$SSHO&0DQW]DUDV - 6FKDHUHQ5 %RPEDFK 5 DQG ,QDHQ$ ´&DWDO\WLF FRPEXVWLRQ RI
K\GURJHQDLU PL[WXUHV RYHU SODWLQH YDOLGDWLRQ RI KHWHURKRPRJHQHRXV FKHPLFDO
UHDFWLRQVFKHPHVµ&OHDQ$LU
$WNLQV50L]UDKL9(UGRJDQ7µQPLQGXFHGYDFXXP89VSHFWUDOFKDQJHVLQ
RSWLFDOILEHUSUHIRUPFRUHV6XSSRUWIRUDFRORXUFHQWUHPRGHORISKRWRVHQVLWLYLW\´
(OHFWURQLFV/HWWHUVYROQXPSS²
%DUORZ$ 3D\QH'  µ7KH VWUHVVRSWLF HIIHFW LQ RSWLFDO ILEHUV´  -RXUQDO RI4XDQWXP
(OHFWURQLFVYROQXPSS²
%KDWLD 9  µ$SSOLFDWLRQV RI ORQJSHULRG JUDWLQJV WR VLQJOH DQG PXOWLSDUDPHWHU
VHQVLQJ´2SWLFV([SUHVVYROSS²
%HUWKROGV$'DQGOLNHU5-RI/LJKWZDYH7HFKQRORJ\YROQXPSS²
%LORGHDX)0DOR%$OEHUW - -RKQVRQ'+LOO.+LELQR<$EH0.DZDFKL0
µ3KRWRVHQVLWL]DWLRQRIRSWLFDOILEHUDQGVLOLFDRQVLOLFRQVLOLFDZDYHJXLGHV´2SWLFV
/HWWHUVYROQXPSS²
%MHUNDQ/+MHOPH' -RKDQQHVVHQ. µ%UDJJJUDWLQJVHQVRUGHPRGXODWLRQVFKHPH
XVLQJ D VHPLFRQGXFWRU ODVHU IRU PHDVXULQJ VODPPLQJ IRUFHV RI PDULQH YHKLFOH
PRGHV´3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ2SWLFDO)LEHU6HQVRUVSS
²
&DXFKHWHXU & 'HEOLTX\0 /DKHP ' 0pJUHW 3  
+\GURJHQ OHDN RSWLFDO VHQVRU
XVLQJ UDGLDWLQJ ILEHU JUDWLQJV
 SURFHHGLQJV ,((( 6HQVRUV &RQIHUHQFH /HFFH ,WDO\
SSD
&DXFKHWHXU&'HEOLTX\0/DKHP'DQG0pJUHW3´&DWDO\WLFILEHU%UDJJJUDWLQJ
VHQVRU IRU K\GURJHQ OHDN GHWHFWLRQ LQ DLUµ ,((( 3KRWRQ 7HFKQRO /HWW   
E
'XKHP2+HQQLQRW-):DUHQJKHP0'RXD\0µ'HPRQVWUDWLRQRIORQJSHULRG
JUDWLQJ HIILFLHQW FRXSOLQJVZLWK DQ H[WHUQDOPHGLXP RI D UHIUDFWLYH LQGH[ KLJKHU
WKDQWKDWRIVLOLFD´$SSOLHG2SWLFVYROSS²
(UGRJDQ 7  µ&ODGGLQJPRGH UHVRQDQFHV LQ VKRUW DQG ORQJSHULRG ILEHU JUDWLQJ
ILOWHUV´ -RXUQDO RI WKH2SWLFDO 6RFLHW\ RI$PHULFD$ YRO  QXP  SS ²

+DQG'5XVVHO3µ3KRWRLQGXFHGUHIUDFWLYHLQGH[FKDQJHVLQJHUPDQRVLOLFDWHILEHUV´
2SWLFV/HWWHUVYROQXPSS²
+LOO . 0DOR % %LORGHDX ) -RKQVRQ ' $OEHUW -  µ%UDJJ JUDWLQJV IDEULFDWHG LQ
PRQRPRGHSKRWRVHQVLWLYH RSWLFDO ILEHU E\89 H[SRVXUH WKURXJK D SKDVHPDVN´
$SSOLHG3K\VLFV/HWWHUVYROSS²
-DPHV 6 7DWDP 5  µ2SWLFDO ILEHU ORQJSHULRG JUDWLQJ VHQVRUV FKDUDFWHULVWLFV DQG
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